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NOTE. 


This monograph constitutes the first part only of the inves- 
tigation on the interference of will-impulses. The second part 
dealing with the complex processes of writing lapses is to appear 
separately. 
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MUTUAL INTERFERENCE OF WILL IMPULSES 
PART I 


CHAPTER I 


INTRODUCTION 


It is only within the last decade or so that the psychology of 
movement and the broader aspects that it involves has been com- 
ing to its own. Thus in 1899 we find Woodworth saying: 


“In all sorts of psychology, save one, there is of late an in- 
creasing interest in the motor side of consciousness mee 
In view of all this interest, itis somewhat surprising that . . , 
we have as yet no psychophysics of the voluntary movements,” 
while H. L. Hollingworth, two years later, opens his mono- 
graph,’ which is on the complementary phase of Woodworth’s 
problem, with the following paragraph: 

“The student of the psychology of movement is, to say the 
least, not hampered by the novelty of his subject. Ever since 
the days of the muscle sense controversy, investigator after in- 
vestigator has interested himself in the subject of movement 


until a considerable body of motor psychology . . ._ has de- 
veloped.” 


Since those words were written, the motor phase of psychology 
has kept steadily advancing, receiving its impetus from various 
quarters and forming the basis for new tendencies in that science. 
Our text books no longer discuss the subject of “action” as if it 
were a mere appendix to “will” or “habit” ; and just as perception 
and its various adjuncts would formerly form the basis for many 
an all-embracing theory, so now “history repeats itself” in the 
domain of movement. Indeed, there is even a tendency to barter 


consciousness for movement among a certain type of psycholo- 
gists. 


1B. S. Woodworth: Accuracy of Voluntary Movement, p. 1. Psychological 
Review, Monograph Sup., vol. ITI. 


2H. L. Hollingworth: Inaccuracy of Movement. Archives of Psychology, 
vol, IT. 
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And yet with all the due and, in some cases, undue emphasis 
on the motor side of psychology, there is no denying that it has 
always to catch up with the ground traversed in the sensory 
sphere; and this in spite of, or perhaps rather just because of the 
fact that ontogenetically movement is prior to consciousness. 
The underlying motive of this neglect seems to be the argument 
that since psychology is the science of consciousness, the consid- 
eration of movement has no place here—thus overlooking the 
fact that “the transition from reflex action to volitional is not 
abrupt and short.’’* With slight modification, the statement made 
by Woodworth in his dissertation nearly 20 years ago, that “we 
have nothing in this line that can compare with the immense 
amount of work done on the relation of perception to the stimulus 
perceived, or . . . that can compare in completeness with 
the work done and still doing in all departments of sensation”— 
this statement holds good even to-day.* Particularly is this true 
to-day of the psychophysiological phenomena included under the 
head of inhibition and springing from a volitional source. 

So far, inhibition has primarily been a subject of discussion 
for the physiologist, while the so-called “inhibition of ideas” has 
made it appear as a relic of a by-gone age in the development of 
psychology.° Ever since Sherrington published his first results 
on the role of antagonistic muscles in movement, numerous in- 
vestigators have followed along the same track, and it is to them 
that psychologists look up. The results of such investigations 
need not be underestimated, but they are within the scope of 
psychology only in an extended sense. It is important that the 
psychologists take cognizance of the facts disclosed by such in- 
vestigations, but outside of this, they do not form the subject- 
matter of psychology. Psychology, as we shall see presently, 

8 Sherrington: Integrative Action of the Nervous System, p. 380. 

It is interesting to note that of all the psychological primers and text 
books known to the writer, only one syllabus, by Heath Bawden, reverses 


the conventional order of topics, and begins with the outline of action in- 
stead of reserving it to the end. 

5 Cf. B. B. Breese: On Inhibition (pp. 6-17, Psychological Review, Mono- 
graph Supplements, vol. III) for a historical summary of the views on psy- 
chological inhibition and a brief but concise discussion of its status as a term 
in contemporary psychology. 
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has its own problems in inhibition; and with the exception of 
sensory inhibition, these problems have received little attention, 
if any, at the hands of the experimentalist. Sensory inhibition, 
too, has by no means received anything like adequate treatment 
in the laboratory. 

Partly the deficiency is due to the dynamic character inherent 
in all phenomena of inhibition. Theoretically we have rid our- 
selves of the implications of the old faculty psychology; practi- 
cally, however, the average psychological investigator is still 
drawn along by the momentum of an old impulse. Broadly 
speaking, it may be said that the study of sensation, perceptions or 
feelings is, in the minds of most of us, connected with the study 
of facts (elements). To study inhibition is to study acts (rela- 
tions). That is one reason why the cognizance of inhibition as 
a psychological phenomenon was so late in developing. Inhibi- 
tion involves a community of sensations, memories, impulses, etc. 
The very circumstance that brought about the growing interest 
in association theories contributed to keep the facts of inhibitio 
in obscurity. Association was recognized as a “force” as early 
as the period of Hume, because it gave evidence of governing 
the “faculty” of memory. It would have been difficult to conceive 
of such a negative thing as inhibition in connection with some 
faculty or ability. Association was the attraction of one idea 
to another. There seemed to be no room for inhibition, because 
there was apparently no use for it. It was left for physiology 
to lead the way in emphasizing the importance of the inhibitory 
mechanism, until gradually a new stratum began to form in 
psychology, and sooner or later inhibition is bound to be reckoned 
with in the ordinary text book as a fundamental relational cate- 
gory bearing on all the elements of consciousness. 

There is a further drawback in the study of impulse inhibi- 
tions. The field of volition is not a clear-cut segment of psy- 
chology. With the exception of thought, there is more mis- 
giving here than in any other part of general psychology. The 
crux of volition is shifted from one thing to another in the 
various text books and treatises. Thus it is that the problems 
subsumed under the possible head of volition are linked on the 
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one hand ‘with the most abstruse philosophical speculation, while 
on the other hand, they are transferred to the physiological lab- 
oratory® as if it were all a matter of muscle and nerve alone. 

The play between these extremities is so great and is beset 
with so many difficulties that from one of the main results in 
this very investigation,* the neglect of this field of psychology 
might be expected. In turning to sensation, perception, imagi- 
nation, and even affection, there is a feeling that the ground is 
at least a terra cognita. Volition does not present that aspect. 
And yet the concept of will is second to none in importance 
from the standpoint of a cultural philosophy. Those very psy- 
chologists who subordinate this concept to what they consider 
a more palpable, and therefore, scientific term, do not fail to 
make much ado about this time-honored notion of wll as soon 
as they need it for other purposes, such as emphasizing its value 
as a principle in education. 

Will, together with all the phenomena generally included under 
its head, is undoubtedly a factor in life that cannot be over- 
estimated. That, however, is true from an intentional point of 
view. The negative counterpart of will, viz., inhibition, is the 
factual and explanatory portion of the story. Volition is pos- 
sible only because inhibition is possible. The former posits the 
the latter. Not only is this true of the formal relation between 
these two concepts, but also psychologically. 

In the most general terms, an impulse is an idea that obtained 
its promotion at the expense of its congeners, 7. ¢., it could only 
become an impulse after, and because all the other elements in 
consciousness have been inhibited.’ If this inhibition lasts suf- 
ficiently long, the impulse realizes itself into action. We say 
then the agent has willed the act. Had other ideas inhibited the 


8 This brings to mind that as early as 1865 the temporal relation of vol- 
untary acts was studied in the Tiibingen Physiological Laboratory by W. 
Camerer, who published his dissertation “Zeitlicher Verlauf der Willenshand- 
lungen” in 1866. 

* Vide infra, p. 37. 

7 The “double reciprocal innervation” of antagonistic muscle may be re- 
garded as the purely physiological manifestation of the same principle. 
Cf. Sherrington: Integrative Action of the Nervous System, p. 83 ff. 
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usurping idea, the impulse would not have been willed, hence not 
realized. 

In spite of the great importance of this correlative of will, it 
is only natural that the positive concept should have remained 
the magic word to this very day. Our practical interests always 
take precedence over our scientific demands, since analysis as an 
activity is only a part of and not co-extensive with life. In life 
we are constantly on the lookout for results and scarcely ever for 
the indispensable conditions that bring about these results. Hence 
the Will that is so prominent in the history of philosophy, and 
especially in ethics, the very concept which forms the basis for 
all non-scientific literature including history, rhetoric and biog- 
raphy, will ever remain supreme in its proper sphere. For the 
man who is concerned with interpretation or exhortation cannot 
but take recourse to such a concept; and that is what we are 
doing all the time we are not engaged in describing or explaining 
phenomena. 

It is perhaps owing to this universality of the popular con- 
cept “will” that psychologists generally have adopted the word 
“volition” to differentiate the psychological sense from the 
broader use of the term, and for the unit of volition let us 
take the will-impulse or simply the impulse in its generic sense. 

If the correlative principle in volition were to be stated in 
the briefest form, it might be as follows: “‘no will impulse with- 
out inhibition” (of other possible or incipient impulses). Let 
us go a step farther now, and ask ourselves: what happens when 
there are two or more impulses, perhaps a whole series of them, 
going on almost simultaneously or in quick alternation? It will 
be evident that we have here a more complex and more inter- 
esting situation than in the first case; this leads us to the formu- 
lation of the problem of our investigation. 





Note on Impulse. 


It is of course evident that the word “impulse” is not used 
here in the popular sense as corresponding to the German word 
“Trieb.” In many text books impulse is identified with striving. 
Thus Hoffding (Outlines of Psychology, p. 322) says “In impulse 








6 ABRAHAM A. ROBACK 


proper there lies always a more or less conscious demand.” In 
our usage the term impulse may be defined as “any tendency to ac- 
tion.”’ Unquestionably it would be desirable to have two distinct 
terms for the two different usages, but there is no reason to sup- 
pose, in the present stage of psychology, that what conditions 
the impulse psychologically is: “that with the momentary feel- 
ing and sensation, there should be combined a more or less 
clear idea of something which may augment the pleasure or di- 
minish the pain of the moment.” (Hoffding: loc. cit.) The 
psychological state that Hoffding is describing is of biolog- 
ical and ethical significance rather than psychological; and it 
must be apparent that if we have one word to designate two 
psychological states, the simpler and more elemental one should 
get the preference. 

Referring to the impulsive act as it is commonly called, Wundt 
says: “Willenshandlungen von dieser Beschaffenhait pflegt man 
Triebhandlungen zu nennen, und die altere Psychologie hat sie 
meist als spezifisch verschiedene Vorgange dem Willen gegent- 
bergestellt. 

‘Die einfache selbstbeobachtung lehrt jedoch, dass in allen den 
Fallen, wo es sich um einen wirklichen Bewusstseinsvorgang, 
nicht etwa um eine blosse Reflexbewegung handelt, zu einer sol- 
chen Scheidung nicht der allergeringste Grund verliegt.’” 

A determination of the terms we are handling is really neces- 
sary at the very outset in order to avoid possible misunderstading 
subsequently. 

Personally the writer is in favor of applying the term impulse 
in four different senses to cover the demands, however, of four 
different sciences or disciplines. Thus we may talk of a phys- 
iological impulse, a psychological impulse, a biological impulse, 
and an ethical impulse. In the physiological sense it would be the 
mere nerve impulse. All reflex action would come under that 
head only. The psychological impulse should include all ten- 
dencies to action which are accompanied.by consciousness and 
should form the unit of volition, whether that tendency be more 
like an impulsion and thus fought against by the individual, or 
whether it follows a process of careful deliberation. The im- 
pulsion may not be identified with the will of the individual, but 
it is a volition none the less. There remain the biological im- 
pulse, which is often used to designate a certain phase of instinct, 
as when used in connection with sex, Hoffding’s definition fitting 
in here quite well, and lastly the ethical impulse, which empha- 
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sizes not so much the act as the object or rather the whole situ- 
ation in question. 

There is no harm in employing a term to connote different 
things in accordance with the requirements of different depart- 
ments of knowledge, provided that the different connotations 
are distinguished and agreed upon. 














8 A similar view is found in Kiilpes’ Outlines of Psychology, p. 322. 
® Wundt: Grundziige d. Phys. Psychologie, vol. III, 5th ed., p. 247. 
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8 A similar view is found in Kiilpes’ Outlines of Psychology, p. 322. 
® Wundt: Grundziige d. Phys. Psychologie, vol. III, 5th ed., p. 247. 











CHAPTER II 


THE PROBLEM STATED.”° 


Although the title of the investigation might easily convey 
an idea of the nature of our task, it might be of some advantage 
to state the problem in some such form as this: Given two kinds 
of impulses in rapid alternation in what way do they affect one 
another ? 

Such a situation is certainly not rare. It is not only in a case 
of emergency where one is apt to “lose his head” because he 
attempts to do several things at a time, but even in our daily 
routine we often find ourselves “crowded.” More work is 
planned than can be done under normal conditions. At times 
we are like the British premier who would rise half an hour too 
late every morning and then rush about in the attempt to make 
up for the delay. Again we may be in the position of one who 
has a definite and peremptory task before him which is physically 
almost impossible to perform in the time set for it. 

It will be seen at once that the principle here involved might 
have far-reaching ramifications, bearing in its practical applica- 
tions on executive ability, pedagogy, and possibly the study of 
abulia and allied mental abnormities. In industrial efficiency the 
question looms even larger. Many failures, accidents, and indeed, 
catastrophes, are due to the fact that a task calling for quick 
action on the spur of the moment overtaxes the ability or skill 
of the responsible person. We have only to bring to mind the 
every-day experience of the sea captain or the motorman to 
realize how momentous it is to grapple with a problem that is 
at the basis of our very safety. 


In the opinion of a director of one of the largest steamship 
companies, two types of ship officers are largely to blame for 


10 The investigation was begun at the suggestion of Prof. Minsterberg, by 
Dr. V. V. Anderson, Boston Municipal Court Physician and Psychologist 
who, however, did not complete the experiments, and has not published any 
of his results. 
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accidents at sea. “They all know exactly what is to be done 
in every situation” this keen observer told the late Prof. Munster- 
berg whom he was consulting about ship-service discrimination 
tests, “but there are too many who do not react in the appropriate 
way when an unexpected combination of factors suddenly con- 
fronts them, such as the quick approach of a ship in the fog 
There are ship officers who know the requirements excellently, 
but who are almost paralyzed when the dangerous conditions 
suddenly threaten. Their ability for action is inhibited. In one 
mement they want to act under the stimulus of one impression, 
but before the impulse is realized, some other, perhaps rather 
indifferent impression, forces itself on their minds and suggests 
the counteraction, and in this way they vacillate and remain in- 
active until it is too late to give the right order or to press 
the right button. The other type feels only the necessity for 
rapid action, and under the pressure of greatest. haste, without 
clear thought, they jump to the first decision which rushes to 
their minds. Without carefully considering the conditions really 
given, they explode in an action which they would never have 
chosen in a state of quiet deliberation. They react on any acci- 
dental circumstance, just as at a fire men sometimes carry out 
and save the most useless parts of their belongings.”* 


Considering the similarity of the general situation, we should 
suppose that the same observations might apply mutatis mutandis 
to the motorman, the railway engineer, the army officer, and, in 
brief, all who are intrusted with some delicate task involving 
many factors of an unpredictable nature. The statesman, the 
public speaker, the business man, the attorney, are constantly 
encountering difficulties in the form of rapidly changing situa- 
tions. A quick repartee may carry the day for one. An ineffec- 
tive move may spell disaster. 

Thus the practical side of the problem is important, indeed, 
but our primary interest is theoretical. We shall consider first: 
What are the phenomena, both conscious and unconscious, re- 
sulting from a condition of rapidly alternating impulses? The 
practical considerations that may be deduced from the results 
will be taken up towards the end. 

It must further be understood that we are not concerned here 
with the problem of moral choice between two duties or tasks. 


11 Miinsterberg: Psychology and Industrial Efficiency, p. 84. 








2 eNO He ~~ pee 


10 ABRAHAM A. ROBACK 


Undoubtedly the painful scruples and vacillation of Hamlet, the 
inner struggle of Antigone, the sufferings of Werther have some 
connection with the issue at hand. In comparing the details of 
the two sets of problems, we may find a certain overlapping with 
regard to the determining processes, but there is at least this 
great difference between them. In the one, the result hinges on 
time as the determining factor, the aim in the first instance being 
to complete the whole task; while in the other the condition 
ex-hypothesi involves a moral choice between two things, though 
both of them may be desired by the agent. 

The conflict of impulses that we experience in every-day life 
when we have before us two courses of action brings us closer 
to the issue at hand. Some of these conflicts, because of the 
consequences that are at stake, may be grouped under the class 
just mentioned. Even in those cases where the decision is finally 
made on a purely prudential basis, psychologically the principle 
is the same as in the most striking ethical situation. 

A great many of the decisions we have to make are, however, 
not related to moral matters, and those individuals who are not 
slaves to habit and have no decided preference will constantly 
find themselves confronted with the task of making a decision 
which, for the expenditure of energy it often calls for, is not at 
all commensurate with the importance of the consequences either 
way. “Shall I walk to the waterfall to-day? Or shall I ramble 
along the seashore?”’ is the illustration Herbert Spencer” gives 
us of a morally indifferent end. For the moral agent it may be 
entirely indifferent. Not so however, for the psychological re- 
agent in whose mind a veritable conflict may occur. 


Probably this is the type of behavior referred to in the fol- 
lowing description of a conflict. “Adults sometimes experience 
such a state when two opposing courses are open to them and 
they have no decided reason for following either; they feel im- 
pelled first to one, then to the other, and in pathological cases the 
forces may be so evenly balanced that action is prevented alto- 
gether. As a rule, however, the permanent motive ideas are so 
numerous and so far-reaching that every suggested course of 
action is either helped or hindered by them.’ 


12 Data of Ethics, p. 6-7. 
18 Mellone and Drummond: Elements of Psychology, p. 173. 
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There is much in common between such a conflict and the issue 
at hand, but there is at least this difference in their respective 
conditions. In the common every-day situation, the agent knows 
that only one of the impulses can and need be carried out, while 
in the experiments to be described, the subject makes the endeavor 
to carry out both sets of impulses, and if a choice 1s made from 
the sheer physical impossibility of accomplishing the whole task, 
it is done in spite of his intentions. It is just this difference that 
distinguishes our investigation from those on choice such as 
Ach’s and Michotte’s researches (to mention only a couple of 
the more recent studies among the large number of investiga- 
tions initiated by Donders). 

Special emphasis must be laid on such a distinction in view of 
the circumstances that the field we are dealing with has been 
treated as a common trespassing-ground by speculative psychol- 
ogy, ethics and allied disciplines. Whether we should be dis- 
posed to go the length of Stout who claims that voluntary action 
in the sense of deliberate action (selective action probably ac- 
cording to Titchener) involves conception of the Self is quite 
a different matter, but at any rate, it is not difficult to concede 
that the status of deliberate action and non-deliberate action 
may possibly be determined by different variables. And when 
Stout draws the sharp dividing-line between “voluntary action” 
and “impulsive action” and also between “deliberation” and 
“conflict of impulsive tendencies” by saying “When two discon- 
nected impulses simultaneously prompt to incompatible courses 
of action, if the conception of Self does not come into play, one 
interferes with the other in a quasi-mechanical way’™* it must 
immediately become evident that the above-described type of 
action is what we are studying. It is the very “brute strength 
between them’ as Stout puts it, that we are trying to compare; 
and from an experimental point of view it is something to be 
thankful for that it is capable of working out not only in a quasi- 
mechanical but in a thoroughly mechanical way. 

Another preliminary point must be cleared up here. In the 
introduction of this study the impression may have been gath- 


14 Stout: Manual of Psychology, 3rd ed., p. 706. 
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ered that the writer had set out in the first place to investigate 
the nature of inhibition of voluntary impulses. Strictly speak- 
ing, this would have been an assumption, for the term inhibition 
has a more or less fixed usage in psychophysiology. As a matter 
of fact nothing was taken for granted. There was no theory to 
be given experimental confirmation, no foregone hypothesis to be 
tested out. The work was undertaken with no theoretical bias, 
a circumstance which has its disadvantage as well, though, in 
the long run, it is not as great as its advantage. 

From education and observation we of course know that “no 
one can serve two masters well.’ Julius Caesar, it is said, was 
able to dictate several letters at one and the same time, but, 
granted that this fact about him was really not exaggerated, the 
persons who would have a claim to be classed with Caesar are, to 
say the least, very few. 

Probably, if we were asked off-hand whether we thought two 
or more different acts or impulses would interfere with one an- 
other if aroused almost at the same time, we should be inclined 
to reply in the affirmative. It is very rare to find this sort 
of interference referred to in text books of psychology. Lapp 
and WoopwortTH do mention it, but that is about as far as they 
get in saying: 

“When a series of dissimilar acts must be performed in quick 
succession, one of these is likely to interfere with another.’’** 

We may even be certain that the acts interfere with one an- 
other, but this does not mean that they necessarily inhibit one 
another; for interference is a broader concept than inhibtion. 
Interference is used extensively in physics in connection with 
the study of light, sound and electricity.° It also figures in 
philology™ and in (pure) physiology, ** as well as in sociology” 
and psychology. 

15 Ladd and Woodworth: Physiological Psychology, p. 540. 

16 The phenomena of interference in physics are demonstrated in every 
elementary course and discussd in every text book. 

17 Hanns Oertel: Lectures on the Study of Language, p. 205: “The real 
causes which bring about those phonetic changes....are change of speed, 
which interferes with the proper co-ordination of movement.” 


18 Especially in Sherrington’s work. 
19 C. Tarde in his “Les Lois de I’Imitation” (p. 32), talks of “interférences- 
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Two beams of light interfere without producing necessarily 
a negative result. Under certain conditions colored bands ap- 
pear. In the interference of sound this feature of the case is 
even more striking. Two sets of waves may interfere and yield 
a tone of increased intensity instead of producing silence which 
would be the analogue to inhibition in the psychophysiological 
sphere. 

In the development of language “Increase of speed leads by 
no means always to simplification or loss of sound. The opposite 
also occurs.””° 

As regards the interference between a sensory stimulus and 
a motor impulse, LEHMANN tells us that “Sind die beiden Ersch- 
einungen gleichzeitig, hemmen sie sich; geht aber die eine der 
anderen voraus, bahnt die erstere die letztere an,” citing the 
following instance: if a subject manipulating an ergograph in a 
regular tempo should unexpectedly hear a pistol shot shortly 
before the muscular contraction had begun for the lifting move- 
ment, the next two or three lifting movements would as a rule 
be considerably greater.” 

SHERRINGTON is inclined to talk of interference as close akin 
to inhibition, but even his language, as may be evidenced from 
such statements as “There is interference betweeen the two reflex- 


combinaisons” and “interférences-luttes,” thus showing that he makes a dis- 
tinction between conflicting and non-conflicting interferences. 

20 Hanns Oertel: Lectures on the Study of Language, loc. cit.” 

21A, Lehmann: Grundziige der Psychophysiologie, p. 436. Cf. also 
Wundt Grundziige der physiologischen Psychologie, vol. I. p. 86 (5th 
edition) on interference of stimulations and I. p. 243. Interference 
in psychology is most frequently spoken of in connection with asso- 
ciation, but more recently it has been studied in connection with memory 
images of Meakin (Mutual Inhibition of Memory Images, Harvard Psy- 
chol. Studies I), in connection with habit by McMemin and WasHspurN 
(Effect of Mental Type on the Interference of Motor Habits, American 
Journal of Psychology, 1909, 20) and by Warner Brown (Habit Interfer- 
ence in Card Sorting, University of California Public. in Psych. 1914, I), by 
Miss KLEINKNECHT in relation to Optical Stimuli (Interference of Optical 
Stimuli, Harvard Psych. Studies, vol. II) and by KEttoe, in connection with 
the feelings (Alternation of Feelings, Harvard Psych. Studies IV). 

22 Cf. especially L. Hofbrauer: Interferenz zwischen Verschiedenen Im- 
pulsen im Centralnervensystem. Archiv fiir die Gesamte Phys. (Pfliger) 
vol. 68, 1807, pp. 585 and 586. 
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es, and the one is inhibited by the other’** and“. . . There 
is an interference which is tantamount to, if not the same thing, 
as inhibition,’** implies that interference is the broader term, 
and is at least a stage prior to inhibition. 

In the opinion of the writer, interference has reference to the 
condition, while inhibition is applicable to the result. It is thus 
legitimate for us to assume at the outset that the phenomena 
that we are looking for in our investigation would be those of in- 
terference, but having satisfied ourselves as to that purpose, 
there remains nothing but to grope about for preliminary data. 


THE APPROACH. 


In a problem such as the one before us, two possible modes 
of approach are possible. The one is quantitative, the other 
qualitative. In the former we are concerned mainly with the 
accumulation of data. There is no wide scope here for close 
analysis of the phenomena. The variations of the experiments 
all center around the idea of exhausting one line of procedure, 
the experimental situation being reduced to the lowest terms. The 
chief advantage of the quantitative approach is the decisiveness 
of the results whether positive or negative. In going over trav- 
ersed territory, in testing out a theory or in dealing with a prob- 
lem that requires for its solution the answer “yes” or “no’, the 
quantitative method is the more serviceable one and is actually 
used just for those purposes enumerated. 

The qualitative method which demands a more complex ex- 
perimental situation does not yield so clean-cut and decisive re- 
sults as the quantitative method, and more often calls for the 
aid of interpretation. It has this advantage, however: it affords 
an excellent opportunity for orientation in a problem, and the 
results it leads up to may point to new vistas that might have 
been left undetected in the other procedure. 

In our study of interference both methods were employed. 
Simple movements constituted the task of the subjects for a 
time. The data spoke in hundreds of thousands. After a year 


23 Sherrington: Integrative Action of the Nervous System, p. 135. 
24 loc. cit., p. 138. 
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of experimentation along this line, it became clear, however, 
that the vast array of figures wanted supplementing, and that the 
second mode of approach might shed some important light on 
the quantitative results. 

That was just what turned out to be the case. It will be seen 
later in what way these two methods acted as complementary to 
each other, but for the present, it is only necessary to point out 
that, owing to this circumstance, this study has been divided into 
two independent parts. This does not mean, however, that we 
are dealing with two different parts of a problem. Distinct as 
the two methods are, they only brought out two different phases 
of the same problem. It would be quite permissible to treat 
the results yielded by both methods under the same rubric; but 
since the stimuli used and records obtained were dissimilar, it 
was thought best to treat all the subjects separately in the two 
parts, and thus avoid confusion. The data in the first part of 
the study will be referred to as the simple movement experiments ; 
those in the second part will be called the graphic experiments. 











CHAPTER III 


Survey of Literature 


The monographs and articles that might be said to form tan- 
gential contacts with the problem in question are numerous, 
but very few go beyond that point, and to the knowledge of 
the writer, there is not a single one among them that touches 
the central issue directly. No wonder TrTcHENER says, referring 
to what is known about the conflict of impulses, “Here, how- 
ever, psychology is sorely in need of further analyses.”’*® 

In the following paragraphs only the investigations that have 
some bearing on the first part of our study will be mentioned. 
Those dealing with the more complex movements will be re- 
viewed in connection with the qualitative phase of our work. 

Probably the first investigator who was on the way to study 
the influence of one motor impulse upon another was M. L. 
Patrizi,” who set himself the task of ascertaining whether the 
“brain is more easily fatigued in sending out to the two halves 
of the body a series of double simultaneous impulses than in 
issuing an equal sum of unilateral impulses towards the right 
and left (periphery ).” 

With Parrizi, the problem is more of a physiological char- 
acter, following up the work of Mosso. He had his subjects 
use two ergographs, one for the middle finger of the right hand, 
and one for that of the left hand. At the two-second beat of the 
metronome they were to flex the two middle fingers. The main 
result here was that the succession of two voluntary impulses 
carried out by symmetrical members is more favorable for the 
central nervous system than for these impulses to be carried 
out simultaneously. 

His conclusion is: “Il résulte de la présente étude que, le fait 

25 Titchener: Text-book of Psychology, p. 460. 


26 La Simultanéité et la Succession des Impulsions volontaires symétriques. 
Arch Italiennes de Biologie vol. XIX, 1893, p. 137. 
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d’accomplir des efforts volontaires simultanés avec les deux moi- 
tiés du corps indique déja la co-existence et par conséquent la 
lutte des deux actes psychiques distinctes: l’attention ne peut se 
porter en méme temps sur les deux, mais il faut qu'elle néglige 
un, alternativement pour produir l’effét maximum.” 


Evidently then one might infer from the foregoing that simul- 
taneity of symmetrical impulses is but a very rapid succession 
of impulses with an ensuing inhibitory interference. This re- 
sult might have served as a starting point for a study of the 
mutual influence of rapidly alternating impulses, but PatTrRizi’s 
subsequent researches diverged more and more in the direction 
of fatigue investigations. 

JASTROW™ in a preliminary survey on the interference of men- 
tal processes set himself the task of finding out which processes 
hinder and which aid one another. He used two types of pro- 
cesses, (a) the performance of finger movements, involving 
rhythm and counting, (b) processes such as adding and reading 
under various conditions. 

The question as to how far various movements will be inter- 
fered with by the accompanying processes is answered by the 
conclusion that the simpler movements are less interfered with 
than the more complex ones. In describing the nature of inter- 
ference, he says that it manifests itself in an increased effort, 
a great irregularity, presence of errors and a lengthening of 
the time of movement, from which he infers that “motor pro- 
cesses . . . interfere with motor ones while refraining from 
movement during intellectual effort would be helpful.” 

Hans BERGER” studied the rapidity with which simple finger | 
movements could be made uninterruptedly. He found there were 
fluctuations in the speed that suggested periodicity in the dis- 
charge of the required impulses. The same phenomenon was 
observable in his preliminary experiments on the rapidity of the 
volitionally excited eye-lid reflex. Here the subjects had no 
stimuli upon which to react, the instructions being merely to 


27 Jastrow: American Journal of Psychology, vol. IV, 1891-2 p. 210 ff. 

28 Bercer: Uber Periodische Schwankungen in der Schnelligkeit der 
Aufeinanderfolge Willkiirlicher Bewegungen. - Zeitschrift f. Psych., 1909. vol. 
L 321. 
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make the movement as fast as possible for a certain period of 
time without stopping. 

BERGER’S results do not throw any light on the actual influ- 
ence of one impulse upon another, for one reason that the re- 
quired movements in his case were homogeneous, but his general 
conclusion regarding the phenomena of periodicity is important 
and will be brought up again later in discussing our results. 

DrEssLar’s” study of voluntary movements might be men- 
tioned here only in so far as one of his results seems to suggest 
that increased central activity produces increased rapidity in 
voluntary movements.” 

Many of the experiments on practice, voluntary control, and 
fatigue, cover some of the facts of our present problem, but from 
a different angle. With regard to fatigue, it is interesting to 
note that several of the phenomena ascribed by Yoakum™ to 
fatigue conditions, have been obtained in our investigation where 
every effort was made to eliminate fatigue conditions as much 
as possible. These results will be discussed fully under another 
rubric where further reference will be made to such investiga- 
tions as have some points in common with our work, even if the 
starting-point is different. 

Probably the nearest approach to our problem of interference 
was a series of experiments carried on in BECHTEREV’s labora- 
tory in Petrograd. As reported by BECHTEREV,”™ the purpose of 
these experiments was to determine the “mutual influence of per- 
sonal** movements.” The series was begun by OssiporF** who 
had his subjects go through flexion movements on the ergograph 


29 DressLaR: Some Influences which Affect the Rapidity of Voluntary 
Movements. Am. J. of Psych. vol. IV, 1891-2, p. 514-527. 

80 [bid., p. 523. 

81 Yoakum: An Experimental Study of Fatigue, Psych. Review, Mono- 
graph Supplements 46. 

82 BecHTEREV: Objektive Psychologie, p. 444. 

88 The word “personal” is really equivalent here to the word “volitional.” 
Since Bechterev designates his system of psychology, Psycho-reflexology, he 
has adopted the term “personal reflex” which seems to be a makeshift for 
purposive or volitional activities. 


84 Ossipoff: On the Question of the Codrdination of Movements. (In 
Russian. ) 
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with the middle finger of the right hand, while at the same time 
they were to carry out, upon a given signal, other movements, 
either with the upper part of the body or else with the two lower 
extremities. The results are not striking. We learn, in the 
first place, that active movements of the other extremities or 
fingers or toes always modify the investigated movement, and 
that the degree of the influence depends upon the degree of 
muscular strain that is rquired for carrying out the investigated 
movement. 

This investigation, however, is after all, as the title suggests, 
one of coordination, and judging from the brief description of 
BECHTEREY, it does not go behind the results so as to throw any 
light on the relation of the impulses involved in the interference. 

SoLovtsorF and BARANKEYEFF® who took up the supplemen- 
tary phase of the foregoing problem, studied the flexions and 
extensions of two fingers, obtaining among others the following 
results: The investigated movement is affected by every other 
movement: the more complicated this primary movement, the 
greater the influence. The curve of the primary movement is 
more markedly affected by non-rhythmical movements than by 
rhythmical ones. The influence becomes less marked with repe- 
tition as a result of practice. Simultaneous movements of both 
extremities are often of less influence than the movement of 
the opposite extremity. Finally it is pointed out that the mutual 
influence of movements presents marked individual differences. 

In these two investigations the movements were carried out 
simultaneously, or at least, that was the task of the subjects. 
But in the case of simultaneous movements, we really have one 
impulse; hence whatever interference occurs here is not an in- 
terference of impulses, for the impulse is to make both movements 
at the same time. As in the case of Patrizi, the condition of 
simultaneity can, from one point of view, be regarded only as 
a preliminary step. To study the influence of impulses upon 


85 Solovtsoff and Barankeyeff: On Mutual Influence of Muscular Move- 
ments. (In Russian.) 


Russian names have been transliterated phonetically. The Polish names, 


however, retain their original spelling for the obvious reason that the Polish 
alphabet is, except for the accents, the same as our own. 
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another, we must start out with the succession of movements as 
a requirement. 

In LANGFELD’s® work on simultaneous and alternating fin- 
ger movements, additional light is thrown on the succession of 
motor impulses. LLANGFELD examined the relation between the 
different finger movements of both the right and left hands with 
regard to facilitation and inhibition. The object of this investi- 
gation was different from the one which we are concerned with 
at present; which means naturally that the methods in each case 
were not the same. One main difference was that LANGFELD’S 
problem did not call for any presentation of stimuli. The sub- 
jects were simply instructed to react one way or another, and 
though the movements must be regarded as of volitional origin, 
the process might have gone on automatically, once a start was 
made. Only in the complete alternation series where the subject 
was not to begin moving the other finger until the first was 
brought to rest on the tapping board can we talk of a species of 
stimulation occurring, viz., auto-stimulation. Whatever interfer- 
ence it was that gave rise to the considerable degree of inhibition 
as shown in that series of experiments, especially with complete 
alternation, we cannot ascribe it to the same processes that would 
be involved in a situation where the subject is to react to a series 
of presented stimuli, simply because the conditions are missing 
that would give rise to those presumable processes. 

The significant result in LANGFELD’s work is, for our purpose, 
the increasing inhibition with the increased voluntariness (com- 
plete alternation) of the tapping, and also the fact that there is 
no appreciable gain through practice in these movements as com- 
pared with the simultaneous tapping movements. 


86 LANGFELD: Facilitation and Inhibition of Motor Impulses. Psychol. 
Review, vol. XXII, 1915. 
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CHAPTER IV 


A. Report of Expervmentation 


The experiments to be reported were carried on in the Har- 
vard Laboratory during the academic years 1913-14, 1914-15. 
Nine subjects took part in 1913 (3 dropping out after the first 
term), 10 in 1914, and 12 in 1914-15. In all there were 23 
subjects. These were: Prof. H. S. Langfeld (Harvard), Prof. 
J. W. Bridges (Ohio State), Dr. H. Burtt (Simmons), Dr. 
R. C. Givler (Washington), Dr. E. C. Kellogg (late at Minne- 
sota), Prof, H. T. Moore (Minnesota), Dr. S. L. Pressey (In- 
diana), Dr. E. C. Tolman (Northwestern), Dr. L. T. Troland 
(Harvard); Miss F. Brotherton, Miss O. Martin, and Miss M. 
Seeley (Mrs. Givler) ; Messrs. Avery, Beazley, Beery, Sturges, 
Cutting, Davidson, Finkel, Fry, Marston, Nutter, and Sugarman. 
Of these the latter 7 were not college graduates at the time, but 
had had considerable training in psychology. Prof. Langfeld 
and Drs. Burtt and Troland participated as subjects during the 
entire work, i.e., both in the simple movement and graphic ex- 
periments. Occasionally, too, the writer himself acted as sub- 
ject in order to gain more insight into the introspective accounts 
of the actual subjects. The records obtained in these occasional 
experiments, however, were not considered in the general 
computation. 

The description of the method of procedure and apparatus in 
the following pages deals only with the simple movement experi- 
ments carried out during the academic year 1913-14. 


B. Method of Procedure 


The apparatus consisted of a brass cylinder, a kymograph, a 
screen, and two telegraph keys. The cylinder, which was run 
by weights, was used for exposing the stimuli, while the kymo- 
graph with smoked surface served to record the reactions of 
the subject. 
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A long series of green dots and red crosses formed the ma- 
terial for the stimuli. These symbols drawn in ink represented 
two different movements to be made by the subject. Each series 
was made up of about 85 dots and crosses, and represented one 
revolution on the cylinder. The period of work covered six 
continuous revolutions, and as the single revolution took 33 sec- 
onds (28 for the very quick reagents), it means that the subjects 
worked for a continuous period of 3 mins. 18 secs. There were 
two such periods at every sitting. In every case the subjects 
were allowed a sufficient rest interval between the two periods. 

The rate of the revolution was constant, but the stimuli on 
the list were arranged at increasingly shorter intervals.** Thus 
the subjects would have to keep constantly increasing their speed 
in order to perform their task. The intervals between the dots 
and crosses ranged from % of an inch to 4 mm., which gives a 
range of from 2 stimuli per second to 3.18 per second. In this 
way the subject was started with something he could do with a 
little effort, but which he could not continue doing for any 
length of time. It is obvious that to use the same rate for every 
subject would not satisfy the requirement of the experiment. 
Hence the very quick reagents who found no difficulty in per- 
forming the task in 33 seconds per revolution were given a more 
rapid rate (28 secs.). Each reaction to a stimulus consisted 
of two taps on the telegraph key, the details varying with the 
. different variations of the experiment. A single sitting thus 
called for over 2,000 taps or single reactions. The keys were 
placed a few cm. apart so as to prevent making the two different 
movements in response to one stimulus. 

General Arrangement. The subject sat in front of a large 
screen with an opening (2 X % cm.) large enough to expose 
3 or 4 of the stimuli. A small square of mirror pasted on the 
back of the screen just above the opening served to illuminate 
the stimuli just as they would come into view. Beginning with 
the first variation, an arm support was used for the purpose of 
eliminating as much as possible fatigue and discomfort. 

87 There were a number of preliminary experiments with a somewhat 


different method where the stimuli appeared at equal intervals, but the rate 
of the revolution was changed each time. 
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After every one of the six revolutions of the stimuli-series 
there was a break where the two extremities of the paper list 
would meet on the metal cylinder. The break was never more 
than 5 mm. in length, and served as a signal for the subject to 
say “now.” The spot was then marked by the experimenter on 
the smoked paper as separating one revolution from another. 

At the suggestion of Dr. Troland, the following device was 
made for the purpose of obtaining a model or objective record 
with which the subjects’ records could be compared. Two metal 
brushes were attached to a wooden square which was glued 
on to the back of the screen a few cm. above the opening. These 
brushes extended far enough so as to touch with their looped 
ends the stimuli-list as it was revolving on the brass cylinder. 
On the stimuli-list, slits were cut out above the red crosses and 
below the green dots. These slits formed the locus for the 
brushes, making an electrical contact every time the brush 
touched the cylinder, it being understood, of course, that the 
brushes were connected with two additional markers registering 
the “model reactions” on the smoked paper. 

It was found afterwards, however, that it took less time to 
compare the subjects‘ records with the original stimuli-list than 
with the model record, and also that the latter method was not 


so safe as the former, due perhaps to technical flaws in the con- 
struction. 


C. Instructions 


The instructions to the subjects were both general and par- 
ticular, the former having reference to the experiments as a 
whole; the latter, to the separate variations. 

The general instructions to the subjects were to consider the 
task as if it had to be done im toto, but should they find it im- 
possible to meet the requirements, they were to use their own 
judgment. They were not told to lay more emphasis on accu- 
racy or speed or some one specific factor. Such an instruction 
might easily mar the results ; for those very individual differences 
that the various types of reaction would reveal in our work are of 
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paramount importance.** Secondly, cast-iron rules would, in 
this case, be not only unnecessary, but a decided drawback, as 
the particular instruction might be a help to one subject, while 
to another it might act as a disturbing factor. 

In the first set of experiments the particular instructions were 
to react to the red crosses by making a double up-down move- 
ment; to the green dots, by making a double centripetal* side- 
movement on the telegraph key, the latter being suitably ar- 
ranged in a vertical position 3 cm. above and 5 cm. to the right 
of the key intended for the up-down movement. The forefinger 
of the left hand was to be used exclusively for the tapping of 
the key, but the side reactions necessitated the turning of the 
hand and the use of the forearm muscles. 


D. Variations 


The combination of stimuli varied from week to week. There 


were dlso several variations in the conditions of the experiment. 
In the first variation, the reactions were double up-down move- 
ments with the forefinger and the middle finger. The second vari- 
ation called for the use of the middle finger and the ring finger; 
while lastly the index finger was again to carry out both move- 
ments. In the one, the key was hit with the tip; in the other 
reaction, the nail part of the finger was used. The reactions 


here were virtually flexor and extensor movements (downward 
and upward). 


88 “When a person is given vague and indefinite instructions, he very soon 
helps himself out by adopting a stereotyped method and sticking to it, i.e., he 
adds self-imposed tasks to the one he has been set” (Washburn: Movement 
and Mental Imagery, p. 172-173). 

It is not advisable to give such vague and indefinite instructions that 
would allow the subject to interpret his task with too great a latitude, but in 
experiments where individual differences are sought, it would be just as 
wrong to suggest in the instructions some one definite type of reaction as to 
do the exact opposite. 

Cf. also Stern’s injunctions: “Fragt er [the subject] etwa ob er seht schnell 
oder langsam, stark oder schwach klopfen solle, so muss die immer zu wieder- 
holende Antwort lauten ‘ganz wie Ihnen gefallt.’” W. Stern: Ueber Psych. 
der Individuellen Differenzen, p. 117. 

*i.e., adductive or towards the median line. 
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Fic. 1—Diagram showing position of keys for series 1. 
A. Horizontal key requiring downward movement. 


B. Key in upright position for lateral movement towards the median 
line (adductive). 


C. Arm-rest. 


In all variations, care was taken to avoid disturbances due 
to confusion arising from reversed instructions. Only one 
change was introduced at a time, so that the association of stim- 
ulus and reaction became more or less stereotyped. 

Of the twelve revolutions of the stimuli-list given at a sitting, 
six began with the closely arranged dots and crosses and ended 
with those farther apart, while the other six revolutions were 
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Fic. 2—Position of keys for Series II and III (variation 1 and 2). 





of the same list, but reversed, i.e., they began with the stimuli 
farther apart. This order of the lists was varied in alternate 
weeks. As far as the subjects were concerned, it was not one 
list, but two entirely different lists which they designated re- 
spectively “fast first’ and “slow first” referring to the speed cor- 
responding to the different parts of the series. 


E. ‘Spontaneous’ Record 


Towards the close of the simple movement experiments, the 
subjects were given a slightly different task. They were asked 
to go through the same kinds of movements as before, but with- 
out any stimuli before them. They were simply to react on the 
basis of their impression of previous arrangements, or rather of 
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Fic. 3.—Position of keys for series IV (variation 3). 
A. Horizontal key struck with palm or side (tip) of forefinger (flexor 
movement). 


B. Key facing A struck with dorsal side (nail part) of forefinger (exten- 
sor movement). 


C. Arm-rest. 


the ‘feel’ of the general rhythm in former experiments. This 
might be called a ‘spontaneous reaction’ test, the purpose of 
which was to compare the subjects’ spontaneous reactions with 
those in response to a strained and constantly changing situation. 
In all other respects the situation was the same, the record on the 
drum being divided into six equal parts of 30 secs. each so as to 
represent the six revolutions of the stimuli-list. The movements 
were as in the third variation (forefinger flexor and extensor 
movements ). 


F. Tests as to Difficulty 


Before evaluating the results it was necessary to ascertain the 
relative difficulty of the different reactions. We may easily 
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suppose that an up-down movement, such as is done in ordinary 
tapping, is much easier to perform than a centripetal side-move- 
ment. All the subjects spoke of the latter as being by far the 
more difficult of the two. To rely, however, on the statement 
of subjective difficulty by the subjects would be an assumption 
which might not be borne out objectively. For this reason, 
short tests (1 min. and 30 secs.) were given with every varia- 
tion, where the subjects were required to go through one re- 
action continuously as rapidly as possible until the signal was 
given to stop. The same was done with the second reaction. 
By counting up the actual number of single continuous reactions 
of the two different movements, the writer was able to compare 
‘with definiteness their motor difficulty. 


G. Auxihary Expervments 

In order to get at the conscious content during critical mo- 
ments and also to clear up some of the data appearing again 
and again in the protocol, a number of experiments were given 
for the sake of introspection alone. There are very few prob- 
lems in which a minute analysis of the introspective content 
counts for so much as in the phenomena dealing with the higher 
thought processes and the neighboring problems. It is just here, 
however, paradoxical as it may seem, that “thought” seems to 
elude us most. Especially is this true in our present work. The 
subject who is straining every muscle to accomplish the physi- 
cally impossible, so far as he is concerned, cannot be expected 
to hold in mind the intricate details of his experiences during 
the 3.3 mins. that he is at work. Repetition, as has often 
been suggested, will bring out, doubtless, more and more of the 
elusive material. Acu,® it will be remembered, relied wholly 
on perseverative tendencies for introspection. This confidence 
in the recurrence of the memory image is, however, not shared 
by G. E. MUtier.* It is agreed on all hands that introspec- 


89N. AcH: Willenstatigkeit und das Denken p. 19ff. In his later work 
“Ueber den Willensakt und das Temperament” the general methodological 
view is the same. 


40G. E. Miter: Zt. f. Psych. Erganzungsband V, 1911, p. 122: Zur 
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tion is at bottom retrospection, but it makes quite a difference 
as to what degree of retrospection it is; in other words, the 
value of the introspective account will depend largely on the 
period of time elapsing between the actual experience and the 
reproduction by the subject. Hence, the sooner we can exploit 
the subject’s material the more certain we are of our find. 

It was in accordance with this principle that the additional 
experiments had been introduced. The purpose was to catch 
the conscious experiences in the process of congelation. Instead 
of waiting till the working period was finished, the introspec- 
tion was given at the crucial moment. 

This auxiliary method was carried out in two ways: In the 
first place, the subjects were asked to stop their work as soon 
as they noticed anything striking (mistakes, confusion, definite 
inhibition, etc.) and to describe their experience at that point as 
closely as possible. Or they were told that at a certain stage 
in their work, the cylinder presenting the stimuli would stop 
revolving. At that point they were to reproduce on the instant 
their whole content of consciousness with its antecedents. In 
the latter case, i.e., whenever the break was conditioned by the 
experimenter, the machine was usually stopped while the sub- 
ject was reacting to the closely arranged dots (highest speed). 
These auxiliary or control experiments were given towards the 
end of the hour, after the subjects had already made two kymo- 
graphic records, and had therefore ample opportunity for intro- 
spection in the earlier part of the hour. 


H. The Questioning 
The questioning of the subjects is another source of perplex- 
ity. How much is to be asked, and how exacting ought the 
experimenter to be in taking introspection? Should the sub- 


Analyse der Gedachtnistatigkeit und des Vorstellungsverlaufes, pp. 139-143. 
MULLER is quite emphatic in his disapproval of Acn’s method. “Ich wiirde 
eine Versuchsperson wegen offenbarer Flunkerei mit Schimpf und Schande 
von dannen jagen, wenn sie mir erklaren wiirde, dass sie alle oder wenigstens 
viele der dort angefiihrten Fragen beantworten kénne, indem sie ihre Auf- 
merksamkeit bald dem einen bald dem anderen Teile des perseverierenden 
Inhaltes zuwende” loc. cit. p. 140-141. 
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ject be closely and ‘“‘systematically” questioned, as ACH was 
inclined to- believe all through his work, or should the call for 
introspection be general and under no circumstances insistent? 

The writer followed a midway course. Probably most psychol- 
ogists would approve of G. E. MULLER’s caution not to over- 
whelm the subject with a volley of questions ;** and the criti- 
cism levelled at Acu to the effect that the subject is liable to 
believe that the score or so of questions must be definitely an- 
swered—is not without point. Yet, on the other hand, it must 
be pointed out that unless there is some guiding control, the 
introspection is so scant and often so irrelevant that it is scarcely 
worth while recording. In our particular case, for instance, 
though most of the subjects were trained observers, they were in- 
clined to content themselves in the early stage of the experiment 
with stating such perfectly obvious facts as “Had to omit be- 
cause it was too fast,’ “The one movement conflicted with the 
other,” etc. Now it is clear that such statements cannot con- 
tribute to our knowledge regarding the mental processes re- 
sponsible for these very omissions and other resulting phe- 
nomena. The subject must be given some idea as to the dimen- 
sions of his task. He must at least be given to understand that 
his Auf gabe includes introspection as well as going through the 
actual work of the experiment. So many are prone to believe 
that their task merely consists in performing the required re- 
action, and that introspection is at most a by-product—something 
that goes into the bargain. While this attitude is the very thing 
advocated, and in its extremest form at that, in certain radical 
quarters, and is to a certain extent allowable in quite a number of 
experiments, it certainly cannot take us very far in such a prob- 
lem as the one before us. 

What the writer did in the way of guiding the subject was 
to ask him to illuminate his introspection by further analysis. 
When, for example, the term ‘conflict’ or ‘inhibition’ occurred in 
the protocol, the subject was requested to describe the exper- 
ience more fully. As a rule, the effect of this exhortation was 
‘noticeable only in subsequent sittings, but not at the time the 

41G, E. Miiller, loc. cit. p. 122. 
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questions were first put. The significance of the introspective 
task seemed to grow on most of the subjects. Those, however, 
who proceeded no farther than to say what could easily be told 
by consulting their kymographic records, were never urged to 
give more details, except in explaining the terms employed by 
them. Fortunately it may be said that Acu’s finding “Vor 
allem scheinen gut geschulte Psychologen nicht besonders brauch- 
bar, da sie zu vorsichtig sind und infolgedessen andersartige 
Determinationen nicht wirksam sein konnen’’** was not con- 
firmed here. It was decidedly the more advanced subjects who 
showed better orientation in their introspective situation. 


I. Arrangement of Results 


Before concluding this chapter, a few words may be in 
order relative to the general arrangement of the results in this 
study. The results are treated under three separate heads: (a) 
those based on the kymographic records, (b) those based on the 
protocols, (c) individual differences. The correlation will be 


evident from occasional cross-references and also from the 
synthesis of the results. 


42 Ber. iiber den II Kongress f. Experim. Psychol. 1907. p. 256 cited also 
in his reply to Selz “Willenshandlung und Temperament,” Ztschft. f. Psych. 
vol. 58, 1911. 





CHAPTER V. 


OBJECTIVE RESULTS. 


The objective results of the simple movements are based on 
over 500 kymographic records or about half a million single bits 
of data. In computing the results there were, of course, one or 
two drawbacks that no conceivable technique could remedy, but 
the introspective account filled out some of the gaps. 

The task of the writer was naturally to compare the original 
stimuli-list with the actual work done by the subject as revealed 
by the records. 


A. Method of Computation. 


Since it was possible for the subject to go wrong in four dif- 
ferent ways, viz., (a) to give single reactions instead of double 
ones (see instructions), (b) to omit the entire reaction, i.e., the 
double tap, (c) to add single reactions, (d) to add double re- 
actions—the figures were arranged in 8 columns, i.e., 4 columns 
for each of the two movements. 

The double reaction representing a single stimulus is the unit. 
Single reactions were marked 4%. The plus sign denotes that. the 
movement has been added, with no stimulus to correspond to it; 
the minus sign is used for omissions. Each revolution of the 
stimuli-list was computed separately, so that the course of the 
work could be followed from, revolution to revolution. 

As the tallying proceeded, other phenomena besides omissions 
and additions were noticeable on the records. It was possible to 
tell long inhibitions, rhythmic activity, and various other things 
that will be described presently. Unfortunately it was very diffi- 
cult indeed to spot mistakes, i.e., wrong reactions. Tracts of 
utter confusion could be detected much more easily. 


B. General Results. 


The inhibitory effect of one impulse upon another is the most 
marked, though by no means the most instructive, phenomenon 
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in connection with the entire mass of data. We can now amend 
the statement cited from Lapp and WoopwortTH’s Physiological 
Psychology to read as follows: When a series of dissimilar acts 
must be performed in quick succession, they are bound to ever- 
cise an inhibitory effect upon one another. But it may be added 
here that they affect one another unequally; and this leads us to 
examine our previous formulation of the problem anew. 

As stated at the outset, the question was one of how we go 
about our task when we have two different kinds of impulses fol- 
lowing one another in quick succession. But what constitutes 
their difference? To be sure, the different reaction to be per- 
formed according to the instructions governs the impulse. The 
mere difference, however, can have no significance for the reag- 
ent, except it be expressible in comparative terms. In other 
words, what is it that would determine the subject to act one 
way or another? The only basis that suggests itself as the de- 
termining factor is that of pleasantness and unpleasantness, or, 
taking it one step farther, that of ease and difficulty, taken either 
subjectively or objectively ;** for in the conditions of the experi- 
ment, there was nothing else likely to act as a basis for the pro- 
duction of any marked feeling-tone, unless we assumed an extra- 
ordinary aesthetic discernment on the part of the subjects, some- 
thing which was not brought out in any of the protocols. The 
difference in the color and shape of the stimuli, as well as the 
slight difference in the sound of the two keys, served only as 
guides and not as aesthetic factors. 

We are now in a position to isolate and specify one phase of 
the problem of interference, and ask ourselves: Given a series 
of two sorts of impulses, the one governing a more difficult 
movement, the other an easier movement; which of the two 
movements will predominate? 

The answer is, and this emphatically, that the easier move- 
ment of the two will be favored.** There are only a few isolated 


48It is important to distinguish between the degree of ease or difficulty 
as supposed by the subject (subjective) and the actual degree as revealed 
by the objective tests (objective). 

44Jt will be found in the second part of this investigation that this result 
does not hold universally of the complex graphic movements. That differ- 
ence and the grounds upon which it can be explained are significant. 
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instances in which this did not occur—not more than a dozen 
revolutions out of nearly 3,000 revolutions—and even these spo- 
radic cases were all but one or two explained in the introspective 
protocol. (One subject, LV for instance, explained, at the time, 
he had green after-images with the green dots; and as the green 
dots happened to represent the more difficult movements, he, on 
several occasions, emphasized the more difficult movement. Sub- 
ject ML spoke once of putting most of his attention on the 
green stimuli. Another explanation of the seeming discrepancy 
lay in the fact that the subject wrongly associated the movement 
and would keep on making one reaction instead of the other 
throughout the revolution without becoming aware of his con- 
fusion). 

The mutual, inhibitory effect was universal, and in the main 
manifested itself in omissions and confusion. The task was ab- 
breviated, the more difficult movements suffering more than the 
easier. In subject LV, the interference did not give rise to 
omissions so much as to the execution of additional movements 
performed haphazardly. This anomaly will be discussed under 
individual differences. 

Taking our first set of experiments, in which the double-down 


tap was to be compared with the double-side tap, we can point to 
the following tables: 














TABLE I. 
Totals for All Subjects Taken Collectively. 
| OMISSIONS | ADDITIONS |No. of requi- 
Type of site reac- No. of 
Movement Double | Single | Double | Single Gons stimuli 
Vertical 8.8% 5% 55% | 1.65% 40,542 20,271 
Lateral 12.88% | 7.06% 3790 | 92% 41,508 20,799 

















The difference between the results in the respective movements 
is striking in every respect. Not only is the emphasis on the 


vertical movement shown by the fewer omissions and less resort- 
ing to single reactions, which would indicate of course a shirking 
of half the work, but it is also noticeable in the tendency to add 
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more vertical movements than lateral movements. We may say 
then that the favoring of the vertical movement manifests itself 
both in omitting fewer and adding more reactions in this type of 
movement than in the lateral. The additions are, of course, 
mistakes, but mistakes that reveal the dominant tendency to favor 
the one movement instead of the other. 

The results of the individual subjects with regard to these two 
movements are even more clear-cut, for it will be seen that we 
can scarcely talk of any exceptions to the rule of omissions. 
Whatever exceptions do appear, are to be found only in several 
isolated cases, most of which are explained in the introspection 
(vide supra, p. 34). As for the tendency to add more vertical 
movements than lateral ones, subject RU is the only exception, 
but it must be explained that in this series of experiments the 
rate of speed suited him, much more than the other subjects, and 
the task (both the vertical and lateral movements) for him was 
easy. Later, however, in the subsequent variations, the subjects 


were classified as to speed, and he was given a shorter period, 
which means, of course, a higher rate. 


C. Translation of the Results. 


These tables are not intended to prove merely that pressing a 
telegraph key downwards is a more favored movement than 
pressing it sidewise, nor should we be satisfied with drawing 
the conclusion that a downward movement is more easily made 
than a lateral movement. We rather set out with this conclu- 
sion, and though no tests were given to compare the technical 
difficulty of the vertical and lateral movements (the tests were 
started with the first variation), it would be easy to cite the 
results of such a comparison from the literature, even if we 
should feel disposed to discount the emphatic statements of the 
subjects to the effect that the lateral movement was more diffi- 
cult than the vertical movement; and in this there was no dif- 
ference of opinion, except as to the degree of difficulty. In ex- 
periments where the ring finger was used, J. C. BARNeEs found 
that “the lateral movement of the ring finger presented more 
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Taste II. 
Results for Individual Subjects in Per Cent. 
Type of OMISSIONS ADDITIONS 
Subject | Movement Double Single Double Single 
Vertical 1.28 2.56 68 94 
BU Lateral 1.77 2.4 1.3 3 
Vertical 87 3.6 I 37 
RO Lateral 2.02 6.2 067 3 
; Vertical 3.40 7.07 66 2.98 
FG Lateral 4.5 12.45 125 2.16 
Vertical 7.08 2.34 1.45 2.74 
GD Lateral 13.43 5-45 773 1.51 
Vertical 3. 7.5 1.07 49 
LE Lateral 15.2 13.9 .305 O15 
Vertical 6.95 9.15 716 2.94 
ML Lateral 12.9 12.63 4 1.38 
Vertical 16.12 1.18+- 04 084 
TR Lateral 18.12 1.17+ 079 04 
Vertical 13.18 15.6 19 2.2 
TT Lateral 26.35 18.67 .076 53 
Vertical 27.3 2.61 168 * 
SR Lateral 30.85 1.07 * . 
AVERAGE 
Vertical 8.8 5.73 56 1.9 
Lateral 13.9 8.21 347 903 




















difficulties than the vertical’** and points out rightly that the 
movement in the lateral direction is not so common as that in 
the vertical direction. This would hold especially for the fore- 
finger which is so frequently used vertically in every-day activi- 
ties—very rarely only in the horizontal plane. 

The shunting of the difficult movement in favor of the easier 
one was not due to any perfunctory attitude on the part of the 
subjects. The writer who was at first inclined to suspect that 
not all subjects were “doing their best’ soon found by actual 
trial that he had done the same thing, viz., emphasized the easier 
movement at the expense of the more difficult one. 

It is interesting to compare our results with those of Baucu, 

45J. C. Barnes: Voluntary Isolation of Control in a Natural Muscle 
Group. Psychological Review, Monograph Supplement 93, p. 19. 

* Subject SR showed no tendency to make additional movements. Only 


four such reactions were found in this series of records, and they were all 
on the vertical side. 
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who had his subjects move their forefinger with the greatest, 
possible speed from one point to any other of six points arranged” 
in the form of a hexagon. He found that the most convenient 
(bequemste) movements were the most frequent,** and also that 
the most frequent movements were the most rapid.“ In fact, 
most of his results point in one direction, viz., that the easier 
movement is the one likely to be favored as against the more diff- 
cult one. This one conclusion really forms the essence of most of 
his results when we reduce these to the lowest terms; for all his 
types of movements (centripetal and centrifugal, flexor and ex- 
tensor, towards the median plane and away from it) resolve 
themselves into the more difficult and the easier type of reaction. 
Similarly KRAMER and MOsKIEWICczZ are inclined to connect the 
slower with the more difficult movement and the easier with the 
more rapid movement.** 

These and other results of an analogous nature must not re- 
main detached facts. They should be synthesized and studied in 
relation to one another, for they form a chain of results out of 
which it is possible to deduce or verify a fundamental principle 


that would possibly explain a number of phenomena hitherto ob- 
served in a more or less casual way. 


D. The Course of Least Exertion. 


The outstanding feature of the results both in the simple move- 
ment and the graphic experiments is the universal tendency to 
move along the lines of least resistance. So universal is this ten- 
dency and so numerous and far-reaching its manifestations that 
it would scarcely be presumptuous to formulate it into a law, 
once it is shown to operate in connection with other similar 
problems. For the present, however, let us content ourselves 
with regarding it as a determining tendency, but a determining 
tendency of a special kind. 

The term “determining tendency” which has been in vogue 

46M. Bauch: Zur Gleichformigkeit der Willenshandlungen in Fortschritte 
der Psychologie II, 1914, p. 367. 

47 loc. cit., p. 354. 


48 Kramer and Moskiewicz: Beitrage zur Lehre von den Lage und Be- 
wegungsempfindungen in Zt. fiir Psych. vol. 25, 1901, p. 121. 
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since AcH published his experimental results on the will has 
come to connote a certain definite thing in psychology, and it 
would be quite unnecessary to substitute another term for it. 
But in reviewing our results, it becomes evident that we must 
distinguish between different kinds of determining tendencies 
which Acu probably found no occasion to do. 

The determining tendencies that came up in AcH’s work were 
those directly connected with the Aufgabe. We might expect 
different determining tendencies at work with different tasks. 
We should therefore be inclined to consider these as subsidiary 
determining tendencies depending upon some fundamental fac- 
tor that is at the root of the several tendencies which it governs. 
This more fundamental director may be called then the primary 
or dominant* determining tendency. The individual determin- 
ing tendencies responsible for individual differences we propose 
to call “personal determinants,” because they constitute collec- 
tively the complex known as personality. 

Setting out with our primary determining tendency, viz., the 
course of least exertion, we shall see that all the other tendencies 
are either manifestations of the same principle or else modified 
by it. 

The course of least exertion has been taken account of in more 
than one work, but so far as the writer is aware, it has not been 
treated experimentally, though it is possible to refer back some 
of the results obtained by SHERRINGTON and other British physi- 
ologists to this very principle. Some of these references will be 
cited later. 

As early as 1894, the brilliant historian FERRERO tried to build 
up a sociological theory on the conclusion that “This law of least 
effort regulates the psychical activity of man.’ This conclu- 
sion, in his case, is based on very thin evidence, often on bare 


49 Titchener in describing the experiments of Kiilpe on abstraction uses the 
word “instinctively” in a peculiar connection when he says: “When no pre- 
liminary directions were given, the observers instinctively set themselves the 
easier tasks” (Text-Book of Psychology, p. 530). In view of that, our 
term “dominant determining tendency” should not be considered as too em- 
phatic an expression of the fact. 


50 Guglielmo Ferrero: Les Lois Psychologiques du Symbolisme, p. 18. 
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assumptions and sweeping generalizations; yet we cannot afford 
on that account to lose sight of the suggestive idea that FERRERO 
has hit upon. 

In his last work™ the late Professor Ribot has approached the 
subject with more insight than his younger contemporary, apply- 
ing the “least effort’? tendency in various connections in close 
conjunction with the law of parsimony or economy. The pith 
of his remarks is expressed in the following: 

“Entre les deux, (i.e., the tendency towards the least effort 
and the law of economy) il y a un fond commun et identité de 
nature. On pourrait se risquer a dire que la tendance au moindre 
effort est un genre dont la loi d’économie est une espéce ou une 
variété. Ce qui les différencie c’est ceci: La tendance au moindre 
effort en général a sa fin en elle meme, son idéal est le repos et ses 


résultats sont négatifs; la loi d’économie est un moyen pour la 
simplification au travail et ses résultats sont positifs.”” 


Now whatever the relation be between the law of economy and 
the tendency towards the least effort,“* whether the former be a 
biological explanation of the latter or not, one thing seems pretty 
certain, and that is: a great many motor phenomena hitherto 
studied and reported as desultory facts should be regarded in the 
light of and referred back to that very tendency. 

In our particular work there are scarcely any phenomena which 
could not be brought in line with, if not actually explained by, 
the course of least exertion. Thus it manifested itself in various 
forms. One of these was the tendency of the subjects to start in 
again on the easier reaction after a break in the work caused by 
the difficulty of keeping up with the rate—a result which is of 
great significance in educational psychology. Unfortunately, no 
figures are available for this result. The subjects were evidently 
unaware of this fact for some time; and in order to record all 
the cases where the subjects “came to” on the easier movement, 
it would have been necessary to take into account several side 
factors, so that the already great burden would have been doubled. 


51 Th. Ribot: La Vie Inconsciente et les Mouvements. 

52 loc. cit., p. 131-132. 

53 It seems more desirable to use the term “exertion” instead of “effort” 
which is sometimes employed in the sense of a feeling and is, at all events, 
not so objective a concept as exertion. 
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Suffice it to say that, in checking up some of the records oc- 
casionally with this purpose in view, the introspection on this 
point was confirmed: immediately after a gap in the record, the 
reaction for the easier movement followed. 


THE LEVELLING PROCEsS. 


Closely allied with the foregoing is a group of phenomena that 
seem to point to a compensatory or equalizing process. It had 
been noticed during the computation of the records that omis- 
sions were followed on many occasions by additions, and vice 
versa. At first this was thought to be only accidental, at least not 
fraught with any special significance, for there is no reason to 
suppose that the subjects are immune from making mistakes in 
the number of taps, even in places where they could keep up 
with the stimuli. Thus instead of making, let us say, six reac- 
tions for the three green dots and four reactions for the two red 
crosses, they might make five each. Ina case like this, one would 
be likely to suppose that we are dealing here merely with a 
rhythm phenomenon; and to be sure, rhythm plays no mean part 
in the interpretation of our experimental data, and instantly sug- 
gests itself as a form of expression of that which has been called 
here the primary determining tendency. But the compensation 
mistakes were not predominantly of this kind. In the first place, 
most of these occurred not within an immediate sequence of al- 
ternate stimuli, but within a sequence involving the same kind of 
reaction, in other words, an omission in the red was made up 
for by an addition in the following red, and likewise with the 
green. Between the two groups, however, the intervening group 
of the alternate color is very likely to have broken up the rhythm, 
supposing that this might have caused the repetition of the same 
number of taps. Secondly, by far the largest number of com- 
pensatory reactions did not involve an equal number of reactions. 
Thus frequently the relation was such as 5 and 3 instead of 6 and 
2, or 4 and 3 instead of 2 and 4 reactions. In some cases the com- 
pensatory reactions took the form of simple transpositions as 
4 and 2 instead of 2 and 4. 

All these cases of compensations were marked on the records 
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and counted up, in a separate column, beside the omissions and 
additions; and though their ratio is very small in general, it 
seemed altogether too striking to be disregarded.** It must be 
remembered also that in considering the ratio of such compensa- 
tions, we must not compare them with the total number of re- 
actions or even stimuli, but with the number of groups of stimuli. 
Under such circumstances, 6 or 7 cases of compensation in a 
record of 200 groups (about 500 stimuli), in the average, would 
suggest, especially when 75 per cent of the records show the oc- 
currence of such “give and take,” that we are dealing with a 
genuine phenomenon and not the result of mere chance (vide 
appendicem). If there was any doubt of it, the results in the 
writing experiments dispelled it entirely. There we have the un- 
mistakable appearance of this phenomenon in a palpable form, 
as might be expected in the case of qualitative data. And for 
this reason, i.e., in order to subsume both classes of compensa- 
tion under one general rubric, the term levelling process has 
been introduced. 

Something analogous is reported in AcH’s work. In alter- 
ing his instructions to the subjects after they had become ac- 
customed to the previous instructions, it was found that fre- 
quently the subjects could not check themselves in time and gave 
the wrong reaction with the result that the succeeding reaction 
or reactions were bound to be correct, the failure producing 


54 Jupp, McALLisTerR and STEELE (Psychological Review, Monograph Sup- 
plements, vol. VII. Analysis of Reaction Movements, 1905-6, p. 158) obtained 
something of this sort in simple reaction experiments, which they ascribe 
to rhythm of nervous action. “The impression is made upon one of a pos- 
itive movement followed by a relaxation which in turn gives way to a 
rather sudden beginning of muscular contraction. The length of a single 
wave (from one crest to the next) is about 150 sigmas . . . These figures 
show that the wavy form of the line is not due to any gross mechanical 
causes, such as the subject’s respiration. The waves represent a rhythmical 
unsteadiness of the subject’s muscular tension.” 

It is for this very reason that we should regard them as connected with 
a compensatory tendency rather than with the periodic waves to be taken 
up in the next section. 

55 Ach: Ueber den Willensakt und das Temperament, pp. 272-274, pp. 51-53 
and p. 49. 
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greater strength of determination than otherwise.” In the actual 
result, i.e., the reaction of the correct (rhyming) syllable, the 
condition of the experiment naturally precludes a compensatory 
addition, such as our results indicate; but the greater effective- 
ness of the determination on the part of the subjects due to the 
previous failure may be evidenced by the lengthening of the re- 
action-time as well as by the introspective experience of the rea- 
gents.” 

Curiously enough, in our experiments, the subjects were not 
aware of either making up for a previous failure or relaxing 
after an exaggerated reaction. At least the introspective proto- 
cols, with one solitary exception, do not reveal such knowledge. 
What is developed here is based wholly on the objective records. 

The phenomenon of compensation seems to have as its ante- 
cedents not only the interference of the impulses corresponding 
to the different stimuli, but also a conflict of two determining 
tendencies. The primary determining tendency, we shall re- 
member, is the course of least exertion. If this tendency had 
its own way with nothing to oppose it, we should expect to find 
a large number of omissions, but no additional reactions. But 
the determining tendency of carrying out the instructions to the 
very limit of one’s ability is a hindering factor, which at times 
gains the upper hand and causes the subject to make a greater 
effort. In fact, it is not too much to say that even the making 
of errors is due to this very conflict. Were the primary tendency 
alone in operation, mistakes would be rare. Without putting on 


56 In Mellone and Drummond’s Elements of Psychology (p. 171) we find 
an acute observation that takes the whole principle one step further than its 
scope in Ach’s investigation. It is now applied to every-day life where 
“yielding . . . is sometimes more strengthening to character than re- 
sisting; for along with resistance there sometimes goes a dwelling on the 
pleasure we have denied ourselves which actually strengthens its hold over 
us and renders us more likely to succumb on the next occasion.” The apt 
illustrations that are adduced in evidence of this conclusion need only be 
supplemented by the memories of our own experiences in this matter. 

57 The writer can also report that as a subject in reaction experiments, 
he has frequently noticed that an unusually long reaction-time will be fol- 
lowed immediately by a “keying up” which, it may be safely assumed, causes 
the next reaction to be unusually quick. 
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any special effort, the subject might react to only a very limited 
number of the stimuli and react to those correctly. With a cer- 
tain type of subject, (the omitters, vide infra under individual 
differences), such was actually the case to a greater extent than 
with the other reagents. What really was responsible for the 
confusion was the seriousness with which the subjects accepted 
the exacting demand of the Aufgabe which, whether present in 
consciousness or not, undoubtedly determined the attitude of the 
subjects. 

Another phenomenon that probably comes under the same 
head is a tendency on the part of the quick reagents to make ad- 
ditional taps while waiting for the next stimulus to appear. 
From the introspection, it would seem that these repetitions are 
not anticipatory of the next stimulus. Anticipations arise fre- 
quently when the rate is far too fast, but when the rate is too 
slow, i.e., when the dots are far apart, the quick reagents are apt 
to make mistakes by being too generous in their reactions. If 
the group consists of a single stimulus, it may be repeated; if 
there are two or three in the group, a couple more reactions than 
necessary might be tacked on. Now it is difficult to say whether 
the additions in the slow part are a sort of atonement for the 
many omissions in the more accelerated portion of the work, or 
whether it belongs to the tendency to continue the same process 
which was recorded so frequently in the introspective protocols. 
Should the cause of these additional taps lie in the latter tend- 
ency, then it is clear that we have in this phenomenon a note- 
worthy instance of inertia. But whereas we can readily under- 
stand why continuing the same movement is objectively prefer- 
able to making a new movement, it is not so easy to explain why 
the subjects should keep on adding unnecessary taps instead of 
resting the fingers until the next stimulus would appear. As 
there were only four subjects for whom any part of the task was 
so easy that they could afford to wait here and there during the 
slow parts (farther apart stimuli) for the next stimulus, the 
_ data are of course very scant, but even these comparatively few 
cases warrant the conclusion that for every individual reagent 

there is an optimal rate above which and below which he is apt 
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to make mistakes—in the latter case, both mistakes of commis- 
sion and mistakes of omission; in the former case, mistakes of 
commission alone. In other words, make the task too easy and 
you are putting a stumbling-block in the way of the reagent; for 
from the point of view of accuracy, it is just as wrong to make 
six reactions, as it is to make only two reactions, instead of 
four. 


RuyYTHMIc ACTIVITY. 


Under rhythm we have a group of phenomena, which, though 
not all occurring with the same subject, appear separately in 
the records of the various subjects and point to some underly- 
ing factor that determines the reactions of different subjects in 
different ways. 

That this should be the case is not surprising, when we con- 
sider to what an extent the working of the physiological mechan- 
ism is dominated by rhythm. Indeed the phenomenon of 
rhythm” and periodicity is so universal that it has been incorpo- 
rated as a vital element in many an all-embracing theory of the 
universe. The influence of rhythm on work has been studied 
extensively since the appearance of BUECHER’s “Arbeit und 
Rhythmus,” and recent physiological investigations (Piper, J. 
Lores, BERGER, SHERRINGTON, GRAHAM Brown, MaArTIN, and 
others) have only served to emphasize the role of rhythm in our 
psychophysical make-up. 

In our own work, the rhythmic tendency expressed itself (a) 
in a seemingly automatic repetition of previous reactions (3 or 
4 groups in succession with the same number of reactions), (b) 


58 The writer is in full agreement with M. Keiver Smith (Rhythmus und 
Arbeit in Philosophische Studien, 1900, Vol. XVI, p. 300) who insists on the 
distinction between rhythm and periodicity. The distinction, however, does 
not rest on the difference between “bewusste Zustande’ and “unbewusste 
Verhaltnisse,” or even between the organic and the inorganic world’ as she 
seems to suppose, but rather depends on the time interval between the oc- 
currences. Thus, pulse beats are a rhythmic phenomenon, while the menses 
are periodic occurrences. We must not identify rhythm with the perception 
of rhythm, though we have to depend on the latter for our criterion of a 
rhythmic phenomenon. Periodicity, on the other hand, cannot be told except 
through some external indications or by calculation. 
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repetition of the same mistakes in succeeding revolutions, (c) 
creating a spontaneous rhythm regardless of the stimuli, (d) 
stopping on odd number of reactions (it will be recalled that 
every stimulus represented two reactions on the key). These 
well-marked phenomena, apart from the introspective accounts 
which will be given in the next chapter, cannot but call for an 
explanation only on the basis of rhythm. 

The entire mechanism of rhythm has not been adequately ex- 
plained. Féré who has made an interesting contribution to the 
psychophysics of work, simply explains the fact by saying that 
rhythmic activities involve less effort. 

“La répetition de l’acte volontaire dans les memes conditions 
le rend plus facile 4 exécuter en atténuant l’effort nécessaire par 
le travail mental. C’est cette atténuation de l’effort intellectuel 
réalisé par l’habitude qui est la base physiologique de la routine 
si difficile a déraciner. 

“Les groupements simples des mouvements, qui en favorisent 
la représentation préalable, augmentent le travail.’’*** 

This sounds as if rhythmic activity were one mode of realizing 
the tendency towards the least exertion. We can understand 
accordingly in this light the finding of TrEves that in work on 
the ergograph, there will establish itself a rhythm representing 
the maximal frequency compatible with the production of con- 
stant work.” 

Such observations,” afford us the raison d’étre of rhythmic 
activity, but do not supply the information we are seeking, viz., 
the genesis of rhythm. 

Miss Keiver Smith claims that the origin of rhythm is physio- 
logical, but the application of it to the regulation of work in- 
volves a psychical influence, for it is a means of renewing the 
will impulse and the attention.** This again is a statement re- 


60 


58° Ch. Féré: Travail et Plaisir, p. pz. 

59 Z. Tréves, Sur les conditions qui déterminent le rhythme spontané dans 
le travail ergographique volontaire. 5 me. Congrés International de Physiol- 
ogie, 1901, cited by Ch. Féré loc. cit., p. 20. 

60 Cf. also, Davis who cites two other investigations in connection with his 
own findings of rhythm in tapping, Reserches in Cross--Education in Studies 
Yale Psychological Laboratory, p. 15. 

61M. Keiver Smith: Rhythmus und Arbeit, p. 304. 
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garding rhythm as a condition and not as an effect. Possibly the 
flagging of attention has something to do with the repetition of 
mistakes at certain intervals, but in does not explain the automatic 
repetition of the number of previous reactions, nor does it throw 
any light on the occurrence of such a series as 5, 3, I, 3, 5, 7 in- 
stead of 6, 4, 2, 2, 3. 

It should be said also that all the reagents were subject to 
one form of rhythm or another. To note the most typical in- 
stances, subjects T R, L Z, S R never showed a tendency to 
make single reactions, and very rarely repeated previous mis- 
takes, but they, more than any others, perceived the stimuli as 
groups and ignored the single dots or crosses. LE, on the other 
hand, perceived the stimuli separately, but followed out a certain 
rhythmic plan in reaction, favoring the odd number. G D was 
free from the latter tendency, but would repeat mistakes oc- 
casionally. R U did not show any marked development of the 
other tendencies, but in some parts of his work, he lapsed into 
a rhythm that he had picked up spontaneously, and that, he 
thought, had been suggested by his work in former weeks. 

It may be that these facts have only a remote bearing upon 
one another, that the absence of rhythm in one form is not 
coupled with its appearance in another form, it may even be 
doubted whether the various phenomena described as rhythmical 
issue from a common root—that they are suggestive, however, 
of a rhythmic process which is dependent on the conjuncture of 
determining tendencies including personal determinants can 
scarcely be denied. This, of course, does not necessarily mean 
that the rhythmic processes are due to the conditions of our ex- 
periments. After the evidence that has been accumulating on 
all sorts of physiological and psychophysical rhythms from the 
contractions of the muscle fibres of Medusa,” and isolated strips 
of heart muscle,’ to the most concentrated type of attention, it 
appears quite certain that any simple task,** would be attended 

62 J. Loeb: Comparative Physiology of the Brain, p. 16 ff. 

63 E. G. Martin: Amer. Journal of Physiology, vol. II, 1904, p. 103 ff. 

64 For rhythm in reading, cf. W. F. Dearborn: Psychology of Reading, 


p. 118 (Archives of Phil. Psych. and Scientific Methods, no. 4) and Huey: 
The Psychology and Pedagogy of Reading, p. 175. 
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by some rhythm phenomenon, as TREvEs has, as a matter of 
fact, demonstrated some years ago (vide supra). Nevertheless, 
it is quite safe to surmise that the more complex the conditions, 
the more devious will be the rhythm, if for no other reason, be- 
cause of the many factors that are set into play, often working 
at cross-purposes. Thus the regular breathing rhythm takes on 
a different form in certain pathological cases when the respira- 
tory movements occur in groups separated by apnoeic pauses. 
As CHEYNE and STOKEs described it, there is first an increase in 
the respiratory movements until the maximum is reached and 
then there is a falling off until they stop entirely, and EysTer 
showed that there is a similar rhythmic wave of blood pressure 
under those conditions.” 

Whatever sort of rhythmic phenomenon we might be studying, 
be it ever so complex, should be examined in the light of more 
elemental rhythms. The course here does not differ from the 
procedure in other and, sometimes, more complex processes. 
This attitude is instanced in SHERRINGTON’S asking 


‘‘How there are developed from such minutely oscillatory ner- 
vous discharges those coarser rhythmic actions with periods re- 
curring once in 3 secs., as in breathing, or I in a sec., as in the 
step, or 4 times a sec., as in the scratch reflex?’ 


The tentative answer that SHERRINGTON gives to the question he 
has raised bears closely on what has been said above about the 
complexity of conditions in relation to the resulting rhythm. 


“The suggestion has often been made,’ SHERRINGTON says 
further, “that such rhythmic nervous actions are the result of 
the concurrent action of two opposed nervous forces, the out- 
come of a constant opposition or resistance acting against a 
constantly discharging nervous activity.” 


And it may be added that there is nothing in the whole article 
to indicate that he finds fault with this suggestion. Applying this 
tentative explanation to the work described here, we may say 
that while rhythmic phenomena are to be expected almost in any 
task,” the particular kinds of rhythmic phenomena disclosed in 


65 Howell: Text Book of Physiology, 2nd ed., p. 654. 

66 Sherrington: Nervous Rhythm Arising from Rivalry of Antagonistic 
Reflexes. Proceedings Royal Society, London, 1913, vol. 86, Series B, p. 235. 

67 Cf. the periodic fluctuation tendency in Berger’s tapping experiments 
which were mentioned in the survey of literature (vide supra, p. 17). 
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our records are due to the two opposing series of impulses, in 
other words, due to interference. We may even go further and 
hold that wherever we find rhythmic processes that suggest those 
mentioned earlier in this study, there is a likelihood that the re- 
sult is due to interference conditions. Thus in SCHUYLER’s 
work on the acquisition of skill in typewriting, a reference to 
rhythm is contained in the statement that 

“In the curve of errors that which attracts attention is the re- 
markable persistence and regularity of the mistakes.’’** 

Book also talks of “regular and irregular fluctuations’ ex- 
plaining the former on the basis of the ANTRIEB and ANREGUNG 
or increase and relaxation of attention. In both of these in- 
vestigations, the interference processes may have had much to 
do with the occurrence of periodic fluctuations. We shall have 
occasion to touch upon this subject again in discussing the re- 
sults of the writing experiments. 


THE GROUPING OF MISTAKES. 


Marked off from the foregoing, though at first bush seem- 
inzly connected with it, is the tendency to continue going wrong 
once a start is made in that direction. One mistake would lead 
to utter confusion for a series of stimuli, until the subject, either 
by pausing or otherwise managing to gain control over the situ- 
ation, is again able to proceed smoothly with his work. It 
should be made clear that “mistakes” is not used in a sense that 
would include omissions. The attitude involved in making a 
mistake seems to be a different one from that of omission; and if 
we were to adopt a term employed by Acu” we should be inclined 
to call the former a “‘nichtintentionale Fehlreaktion,” and the lat- 
ter an “intentionale Fchlreaktion,” the degree of the difference 
varying with the different subjects. 

This tendency of lapsing into a series of errors has rarely been 
alluded to in the literature, as YOAKUM observes,’ but the oc- 


68 FE. J. Swift and W. Schuyler: Psych. Bulletin, vol. IV, 1907, p. 310. 

69 Book: The Psychology of Skill, p. 120 and 123-127. 

70 Ach: Ueber den Willensakt und das Temperament, p. 270,cf. also p. 
243 and 2509. 

71 Yoakum: An Experimental Study of Fatigue. Psychological Review, 
Monograph Supplements 26, p. 65. 
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currence seems to be very common. Perhaps its very natural- 
ness is the cause of its not receiving more publicity at the hands 
of investigators. Certainly it is easier to explain the clustering 
of mistakes than to find the cause of the first mistake made. In 
popular lore, there is many a saying among a number of peoples 
to the effect that one mistake (Sin, crime, etc.) brings on an- 
other. If we stop to analyse some of the ethical cases in which 
this maxim is true, we shall probably find that the situation, 
though of vastly greater consequence, is similar to that where 
the subject is required to perform a difficult experimental task. 


In reporting the grouping of errors, YOAKU™M states that he 
was 


“Gratified to note that the same general phenomenon had been 


found in connection with some practice tests made on the type- 
writer by Mr. William Schuyler.””” 


It is hardly likely that a tendency of this sort would be so ut- 
terly ignored,”* and even if it is mentioned rarely, it comes up in 


the literature sometimes in a somewhat different connection. 
Book, for instance, says 


“A third fact revealed by our data was, that when the fluctu- 
ations in attention and effort above described were noticed by 


the learner, they were almost invariably followed by lapses in 
the efficiency of the effort put forth.’’* 


What happens is just this: in a critical moment a wrong reaction 
is made. The subject notices the mistake, and this puts him out 
of gear. The mind becomes more and more befogged until a 
sufficient period has elapsed for recovery."* This half-dazed 


72 Yoakum: loc. cit. 


73 Ach does not report the occurrence of errors in groups, but we must 
remember that his conditions would not be favorable for such a phenomenon 
to come to light, as the task with his subjects was not a continuous one but 
discrete, so that there is really time between the single experiments for the 
subjects to pick up through sheer determination, even when as a result of 
several failures there developed a “Zustand der Verzweiflung mit einer 
Entsagung auf weiteres aktives Eingreifen” (Ach, loc. cit., p. 273). 

74 Book: Psychology of Skill, p. 132. 

75 Mr. O. V. Fry who has been working on railway tests in the Harvard 
Psychological Laboratory noticed the same tendency on the part of the 
subjects in manipulating the throttle (results unpublished). He furthermore 
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state which is described in the introspection will often give rise 
to a whole series of random or blind reactions. 


RANDOM REACTIONS. 


The reactions given by subjects during the state of utter con- 
fusion are called random reactions. In reality they are not re- 
sponses at all. The subject taps the keys without reference to 
the stimuli, but simply alternates first one movement for a time 
and then another, continuing so until he is able to make a fresh 
start on some stimulus he has fixed his attention upon. This is 
one way, in fact the only way, that those particular subjects who 
lapse into a state of confusion have of carrying out the instruc- 
tions. This random tapping is not merely a reversal, i.e., where 
the movement and the stimulus have become wrongly associated, 
and the subject is reacting to the red stimulus with the move- 
ment representing the green stimulus, and vice versa. An exami- 
nation of the records shows no correspondence whatever between 
the reactions and the stimuli. A single reversal, however, may 
have brought about the whole lapse. 

In closing the chapter on the general results, it may be stated 
that these hold for all the series of simple movement experi- 
ments. We have, however, before us a body of data that bear 
on inter-serial and intra-serial relations. We may ask ourselves, 
for instance, how the results of one variation compare with 
those of another or whether the degree of interference in one 
revolution is more marked than in another. These and other 
questions of this sort which may suggest themselves are treated 
below under the caption of specific results. 





declares that this situation is responsible for many a disaster, for frequently 
an engineer will run past several signals without taking the necessary pre- 
cautions that the signals were intended to convey. 








CHAPTER VI 


SPECIFIC RESULTS. 


In the last chapter we have become acquainted with a num- 
ber of facts in connection with interference, chief among which 
stands out the result that the easier of two movements is apt to 
be emphasized under pressure. From the two tables giving the 
results for the vertical and lateral movements, we have seen 
that there was a strong tendency to favor the vertical (down- 
ward) movements in every way. Not only were there fewer 
omissions here, but more additions, 1.e., superfluous movements. 

Let us now examine the results of the other series, all of 
which, as has already been intimated, indicate the same general 
tendency. 

In the second series, it will be remembered, two fingers were 
employed to execute the two different movements, viz., the fore- 
finger and the medius (of the left hand, as in the first series), 
Both movements were now downward taps on the keys. Much 
time need not be lost on finding out which of the two movements 
is the easier, since from common experience we know the middle 
finger to be both the slower and the more difficult of the two to 
manipulate separately. The explanation is not far to seek. The 
close relation between the two fingers affects the medius more 
than the forefinger which, owing to practice in the separate use 
of its muscles, has undergone some modification to the extent 
that it is not as inseparably bound up with the grasping reflex 
as are the other three fingers. In other words, the forefinger, 
being the less dependent of the two, in its relation with the mid- 
dle finger, offers less inhibition when moved alone,"® and is, 
therefore, other things equal, the easier finger to make a move- 
ment with. In the 30 secs. tests that were given for the sake 
of comparing the technical difficulty of the two different move- 


76 Cf. H. S. LANGFELp: Facilitation and Inhibition of Motor Impulses. 
Psych. Review, vol. XXII, 1915, p. 456. 
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ments, the larger number of reactions with the forefinger as com- 
pared with those where the medius was used proved that one 1s 
safe in assuming that the forefinger reaction would be technically 
easier than the medius reaction. This should be borne in mind in 
examining the next two tables. 















































































































































Tas_e III 
Totals for All Subjects Taken Collectively. (Series II.) 
No. of 
Type of OMISSIONS ADDITIONS requisite No. of 
Movement reactions stimuli 
Double | Single | Double | Single 
Forefinger 11.7% | 46% 18 % | 36+% 49,800 24,900 
Middle 
finger 16.8% | 6. % 75% | 2.3% 56,352 28,176 
Tasie IV. 
Results for Individual Subjects in Per Cent. (Series II.) 
Subject tS katte haat caw nue ab 30 secs, test 
u Mov ; 
‘ Double | Single | Double | Single 
Forefinger 
Forefinger 1.75 1.65 | 20.86 28.7 68°/, a 
LV Mid. finger | 4.28 2.62 6.45 22.09 | 667/, 
Forefinger 5.58 2.83 31 8.25 83 
RO Mid. finger | 8.42 5.26 14 32 | 95°/s 
Forefinger 7.3 2.3 .42 1.22 | 95 
RU Mid. finger | 11.4 4. 47 64 | 91*/, 
Forefinger 4.37 5.82 41 3.92 78 
FG Mid. finger 6.16 11.26 42 1.77 69 */. 
Forefinger 9. 2.3 3. 5.1 unavail- 
GD Mid. finger | 13. 3.45 04 3.6 able 
Forefinger 6.1 3.35 2.28 4.11 58 
LE Mid. finger | 13. 5.77 1.07 2.42 | 66°/, b 
Forefinger 8.53 5. 1.37 2.64 973°/, 
LO ‘Mid. finger | 13.13 5.8 74 1.3 67 
Forefinger | 10. 10.81 3 2.3 64°/. 
LL Mid. finger | 16.58 9.77 13 1.04 48 ”/, 
Forefinger | 10.34 12.25 1.40 6.72 | unavail- 
wy Mid. finger | 18.9 16. 1.32 2.84 able 
Forefinger | 15.5 7.86 13 57 | 67°/, 
ML Mid. finger | 21.9 6.71 12 25 63 
Forefinger | 24. | 1.41 24 55 | 78°/,¢ 
SR Mid. finger | 209.6 2.56 18 3 rs oP 
Forefinger | 20. | 2.8 05 25 | 60°/, 
LZ Mid. finger | 38. 3.84 | none none | 64 
Average 
Forefinger 11.03 4.86 2.56 4.74 72.5 
Mid. finger | 16.19 5.58 .Q2 3.04 70. 
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In table III we note again that the easier movement is favored 
both by the smaller number of omissions and the greater number 
of additions. This tendency is consistently exhibited throughout 
the second series, sporadic cases of emphasis on the more difficult 
movement having already been explained as due to extraneous 
factors (after-images with a particular color, for instance) and 
amply accounted for in the introspection of the subjects. 

That the results of the individual subjects present the same 
general phenomenon will readily be seen from the preceding table. 


Remarks on the 30 secs test. (Table IV) 


(a) The instructions were to tap in pairs just as had been 
done in the regular experiments; hence, the single taps were 
counted separately. 

(b) The writer has not been able to explain this seeming 
anomaly on the part of LE. The computation of the test record 
was made long after there was any opportunity of investigating 
the discrepancy. 

(c) There is really no comparison here, because subject SR 
tapped in pairs only with the forefinger. The tapping with the 
niiddle finger was done continuously, hence the Aufgabe was 
not kept the same for both. There was a great deal more delib- 


erateness with the forefinger tapping as shown by the regular- 
ity of the pairs. 


Comparison of Series I and II. 


Judging from the total percentage of both omissions and ad- 
ditions in the two series respectively, one would be inclined to 
say off-hand that inhibition (and confusion) is more marked in 
the two finger (forefinger and middle finger) combination than 
in the vertical-lateral (forefinger alone) arrangement. In all 
probability that is so, though the fact could not be actually dem- 
onstrated, seeing that several subjects dropped out just after the 
beginning of the second series, and were replaced by others. The 
new subjects, LZ and LV, must have affected the average mate- 
rially, though in opposite directions. For this reason, however, 
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it might be said that the one offset the other. RO and RU show 
a great increase in omissions. In part this is to be explained by 
the fact that the period had been shortened for them from 33 
secs. to 28 secs. Yet the slight increase of rate alone could not 
have been responsible for the four-fold increase of double omis- 
sions in the case of RO and the six-fold increase in the case of 
RU. Besides, several other subjects give evidence of a similar 
increase, in spite of the practice that they have had. The two 
slowest subjects, TT and SR, however, on the contrary, show a 
marked improvement, which is greater for the more difficult 
movement, though the easier is still the one to be emphasized, 
but the gap now is not so great as it was in the first series. 
Granted that there is, all things considered, more inhibition 
with the two movements of the second series, we must guard 
against assuming that the forefinger reaction of the latter is the 
same as that in the former series. As far as the instructions 
are concerned, they were all the same, and the subjects might 
have thought that, as in the first series, they were performing 
a vertical downward movement with the forefinger, which is 
true enough, but we must not lose sight of the circumstance that 
while in the first series the forefinger was the only finger out- 
stretched, the rest of the hand being closed, the subjects had, in 
the present series, two neighboring fingers outstretched, mutu- 
ally inhibiting each other all the while. This is an important 
point to take cognizance of; for it emphasizes the need of study- 
ing two given movements not only in relation to, but also 
as actual functions of each other. Before we can ascertain 
the relation, it is mecessary to study the one in the light of 
the other. When one finger performs two different movements, 
the dependence is not so great as when two different (and 
adjacent) fingers perform each a similar movement. Hence it 
would not be safe to conclude that because the second series pre- 
sents a greater degree of inhibition, and the vertical movement 
is common to both series, therefore the downward movement for 
the medius is responsible for the added difficulty and is more 
susceptible to interference than the lateral movement of the fore- 
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finger. What mars the validity of this argument is the assump- 
tion that the downward forefinger movement is common to both 
series. In reality, this movement is more hampered in the second 
series, and this seems to be a contributing factor in the increase 
of inhibition. 

In passing to the results of the third series, we must again 
take this reciprocal inhibitory effect of the two fingers into con- 
sideration before we can arrive at any conclusion as regards the 
inhibitive coefficient of each finger separately. 


Series III. (Middle finger and ring finger) 


The third series offers the most irregular results, irregular in 
the sense that it does not bear out our expectations. In the 
first place, we should suppose that the set of movements involv- 
ing the middle finger and the ring finger would be more difficult 
to carry out than those performed by the forefinger and the 
middle finger. Our results show there is less inhibition here, and 
only slightly more than in the first series, as will be seeu from 
the following table in comparison with tables I and II. 






































TABLE V. 
Totals for All Subjects. (Series III.) 
OMISSIONS ADDITION No. of 

Ponti MD tm: (nel 
Double | Single | Double | Single | Teactions | stimuli 

Middle 
finger _|_8.76% | 5.004% | __.723%| 2.03 % | _ 35,688 17,844 

Ring 

finger 14.674%| 7.655% | .204%| .942% | 40,152 20,076 





The deviation from what might have been expected is still 
more noticeable when we come to examine the individual per- 
centages. What stands out particularly is the curious shift of 
places in the efficiency order of several of the subjects, showing 
clearly that there are vast individual differences in connection 
- with the movement of the two different fingers. There is no 
doubt that improvement in general plays a great part here. This 
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can be seen by comparing the 30 secs. tests in the second and 
third series (vide tables IV-VI1). Meanwhile let us glance for 
a moment at the individual percentages of omissions and addi- 
itons in the third series. 


TaBLe VI. 
Results for Individual Subjects in Per Cent. (Series III.) 














































































































Type of | 
accel | OMISSIONS ADDITIONS 
Subject _|30 secs, test 
Downward | Double | Single | Double | Single 
Mid. finger | 1.59 2.1 1.75 6.12 81 */, 
LV Ring finger a 281 | 446 d 2.85 yo i A 
Mid. finger | 3.75 3.96 .46 .36 83°/, 
RO* Rirg finger | 4.88 3.91 |  .046 Ss | 
Mid. finger | 8.80 1.23 25 Ve G4 
RU* Ring finger | 14.54 | 2.29 | .13 5 88 */, 
Mid. finger | 4.84 3.56 a43 | 3.56 78*/, 
LO Ring finger | 13.48 3.68 1.46 | 1.52 67°/. 
Mid. finger | 4.99 10.39 823 2.52 &o */, 
FG Ring finger | 8.51 12.984 AI4 1.24 84 
\Mid. finger 5.19 11.72 31 2.21 66 
Bs ‘Ring finger 11.51 13.58 092 1.19 57/2 
‘Mid. finger 11.25 3.846 64 2.63 67 
LE Ring finger | 19.73 11.15 12 128 | 61'/, 
‘Mid. finger | 13.52 2.42 a 1.8 73°/2 
LZ Ring finger | 22.375 7:91 .046 5 72 
‘Mid. finger | 11.67 7.45 none .256 66 
ML (Ring finger |_ 22.34 11.41 none 092 62 
‘Mid. finger | 26.05 1.76 none | 21 78°/. 
SR Ring finger | 31.35 4.13 . ee 67 °*/. 
| Average | 
\Mid. finger 9.17 4.84 . a 778 
‘Ring finger | 15.15 7.45 ae 97 73.2 

















In this series subjects LO and LZ give evidence of most 
marked improvement, while subjects LE and ML, on the other 
hand, present a drop in the work. The other changes are slight. 
It will also be seen that LV now makes far fewer additional 
taps than in the former series. 


Sertes IV. 


The most difficult set of movements was by far that of the 
fourth series in which the subjects made an upward movement 


* It will be remembered that subjects RO and RU were given 28 secs. per 
revolution, while all the rest had 33 secs. per revolution. 








THE INTERFERENCE OF WILL-IMPULSES 57 


with the nail part of the forefinger (dorsal or posterior) and a 
downward movement in the usual way, 1.e., with the tip of the 
same finger (volar or anterior). These two types of movement 
have also been referred to previously as extensor and flexor re- 
actions respectively. 

The upward movement after a very short period became pain- 
fully fatiguing. Hence the high percentage of omissions in this 
series as shown by the following table. 

















Tasie VII. 
Totals for All Subjects. (Series IV). 
| 

MISSIONS | ADDITIONS | No. of 

ak Bones sal ONS | requisite | Sa 
Double | Single | Double | Single _ wae eaanes: 

Forefinger 
Flexor 12.345%| 8.7% 682%| 1.34% 27,168 13,584 
Extensor 21.98 %| 8.95% | .276%| 1. % 34,728 17,364 























In the individual results we note another change in order. 
Subject FG is not only the least affected by the introduction of 
the upward movement, but is the only one for whom the present 
series seemed to be markedly easier than the previous series. A 
slight gain is also shown by ML. With the exception of FG, 
the quick reagents proved to be relatively much more affected 
by the increased difficulty than the slow reagents (cf. RC, RU 
and LV). There is also with them a relatively greater diver- 
gence between the two movements. 

The most striking anomaly in these results is presented by LL 
who, both in the regular experiments and the 30 secs. test, slight- 
ly favors the extensor movement. His playing the violin does 
not seem to have any connection with this result, as there were 
other instrumentalists among the subjects, but none besides LL 
gave evidence of this remarkable deviation. 

The relation between flexor and extensor movements had al- 
ready been taken up in several investigations, and it is gener- 
ally agreed that the former of the two movements is the more 
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TasLe VIII. 
Results for Individual Subjects in Per Cent. (Series IV.) 
halal ,| OMISSIONS | ADDITIONS 
Subject secs. test 
Forefinger |Double | Single | Double | Single se 
Flexor 2.04 11.55 56 1.75 80*/, 
FG Extensor 6.98 14.3 50 3.04 _ 70 3 
Flexor 5.04 6.03 1.97 4.93 | 88 
LV__| Extensor 11.71 9.35 709 | _ 4. 65 
Flexor 17.86 3.78 14 QI 90 '/, 
RU Extensor 22.18 3.66 -_.). 1 74 
Flexor 15.12 5.81 .21 .21 847/, 
RO Extensor 21.56 | 11.93 | none | 56 |  67°/, 
Flexor 6.58 { 4.9 3.64 4.06 | 68 
LO Extensor 23.93 7.48 1.12 | 118 | = » Re 
Flexor 10.38 4.88 none : 757/, 
ML Extensor 24.26 | 6.62 .04 .16 62*/, 
Flexor 13.65 13.65 35 1.19 78 
LE Extensor 20.6 11.31 none a3 56 
Flexor 19.88 23.66 none 21 50°/, 
LL Extensor 22.07 | 17.45 none | __.337 | 53‘/: 
Flexor 29.22 5.82 none II 86 ?/, 
SR Extensor 31.33 4.08 none _ 08 _ 64 
Flexor 21.14 4.55 14 .28 unavail- 
LZ Extensor 33.55 27. none | _ 61 able 
Average | 
Flexor 14.18 8.46 7 1.43 | 78.44 
Extensor 21.9 11.31 .28 1.12 | 64.34 








favored, and, more favored because the easier and the more 
rapid to perform. 

CAMERER,” who seems to have been the first to compare these 
two movements experimentally, was led to the conclusion that 
extension is easier than flexion, and BAUCH" is at a loss to square 
this conclusion with his own results which indicate a perfect 
correlation between the more favored (bevorzugt) and the eas- 
ier (bequemer) movement. In fairness to CAMERER it ought to 
be said that BAucH overlooks the conditions of the original ex- 
periment. If CAMERER had compared flexor and extensor move- 
ments in a vertical plane, and, what is even more important, of 


77W. Camerer: Uber den Zeitlichen Verlauf d. Willensbewegungen, Zt. 


fiir Biologie, vol. XLVII, N. S. vol. XXIX, 1906, p. 272. 


78M. Bauch: Zur Gleichférmigkeit der Willenshandlungen, Fortschritte 
der Psych. etc. vol. II, 1914, p. 366. 
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the fingers or wrist, (forearm), there can be no doubt that the 
results would tally with those of other investigators, including 
BaucH. The movements, however, with which CAMERER was 
concerned were in the horizontal plane, as is plain from his de- 
scription in his article.‘* In view of this, the characteristic fea- 
ture of the opposition is not that between flexion and extension, 
but rather between centripetality and centrifugality; and even 
the latter distinction would have to be further qualified, as ordi- 
narily the centripetal movement is affirmed to be easier than that 
away from the body (centrifugal). 

All this goes to prove how important it is to specify, in every 
case, if not the anatomical mechanism involved in a given move- 
ment, at least the position of the limb performing the movement 
as well as the plane and the direction in which the movement is 
made. Flexion and extension of the arm involving the biceps 
and triceps muscles are certainly not in the same class with the 
flexion and extension of the hand or the individual fingers where 
the ulnar flexor and extensor muscles as well as their tendons are 
involved. For this reason, it would not be safe to apply a con- 
clusion drawn for a given set of flexor and extensor movements 
to all such antagonistic sets we can think of; and while possibly 
CAMERER’S designation of the antagonism was a misnomer, 
BAUCH was not warranted in supposing that the former’s re- 
sults would make the easier movement the less favored.*° 

Besides Baucu, who has already been mentioned as identify- 
ing flexion with the easier movement and extension with the 
more difficult, GAuLT™ has found that flexion is the more rapid 


79 loc. cit. 


80Bauch’s mode of reasoning, when stated in succint form, is this: Several 
investigators, including myself, have found flexions more favored than exten- 
sions; (2) but Camerer has found flexions more difficult (unbequem) than 
extensions to perform; hence, (3) the more difficult movement is the more 
favored movement. If we took the trouble to arrange this bit of inference, 
formally, we should probably be able to detect in these three propositions the 
fallacy of undistributed middle, or perhaps rather ambiguous middle, giving 
us four terms instead of three. Bauch’s reference is to Camerer’s disserta- 
tion of 1866, and not the article of half a century later. 

81R. H. Gault: On Conditions Affecting the Minimal Rate of Voluntary 
Extensor and Flexor Movements of the Right Arm. American Journal of 
Psychology, pp. 370, 383. 
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of the two. Here, too, the movements seem to be in the hori- 
zontal plane, but the upper arm is not used to the same extent as 
in CAMERER’S experiments. 

There seems, at first sight, to be a wide divergence in the per- 
centage of the omissions for the two movements in the fourth 
series, and that is really what we should have expected consider- 
ing that the grasping reflex and the natural semi-flexed position 
of the fingers would tend to strengthen the flexor mechanism, 
while, on the other hand, the fingers are comparatively seldom 
held in a rigidly outstretched position. Yet if we examine the 
results of the various series, we shall find that both in the per- 
centile totals and percentile averages of omissions and additions, 
taken together, there is greater approximation between the two 
movements of the fourth series than for any of the other series. 

How can we account for this fact? Only one form of ex- 
planation suggests itself to us and that is to assume that the 
high degree of mutual opposition between the flexor and ex- 
tensor movements has been reduced considerably as a result of 
practice. The improvement, accruing from practice would con- 
sequently not only affect the motor ability of the fingers, and 
reduce the actual number of omissions (compare second and 
third series), but would also tend to overcome the strength of 
the dominant determining tendency and reénforce the determin- 
ing tendencies touched off by the instructions. In other words, 
the easier movement would not, relatively speaking, be empha- 
sized so much as originally. A tendency towards such approxi- 
mation would indicate improvement in the direction of greater 
resistance. 

In order to facilitate comparison of the various results, a table 
is here appended giving the totals and averages for all the four 
series. 

From the preceding table it is clear that there is a general 
tendency for an increment in the difficulty of the one movement 
to affect the other more or less proportionally; in other words, 
increase the difficulty of either of two movements, and the re- 
sult is that both movements are made more difficult, i.e., a re- 
distribution of inhibition values will take place. 
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Taste IX. 
Comparison of All the Series. 
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Type of OMISSIONS ADDITIONS Inhibition 
Movement |__ ‘ ; Ratio®? 
Double | Single | Double | Single 
Forefinger Series: [, 
Totals for All Subjects. 
Vertical 8.8% 5.% 5590 | 1.65% 
Lateral |_ 128% 7.00% 3790 92% 58.7% 
Average 
Vertical 8.8% 5.73% 56% 1.9% 
Lateral _|_13.9% 8.21% 347% _| 903% | 50.15% 
Downward Series II. 
Totals for All Subjects. 
Forefinger 11.7% 4.6% 1.8% 3.6% 
Mid. finger |__ 16.8% 6.% .75% 2.3% 59.1% 
Average 
Forefinger 11.03% 4.86% 2.56% 4.7470 
Mid. finger | 16.19% 5.58% 9270 3.04% 51.57% 
Downward Series [II. 
Totals for All Subjects. 
Mid. finger 8.76% 5.% 72370 2.03% 
Ring finger |__14.6776 7.55% 20470 9470 52.976 
Average 
Mid. finger 9.17% 4.84% 77% 2.03% 
Ring finger) 15.15% 7.4570 31% 9776 54.23% 
Forefinger Series IV. 
Totals for All Subjects. 
Flexor 12.34% 8.7% 66% 1.34% 
Extensor 21.98% 8.05% 2770 1.% 59.81% 
Average 
Flexor 14.18% 8.46% 7% 1.43% 
Extensor 21.9% 11.31% 28% 1.12% 63.61% 

















82 The inhibition ratio was obtained by dividing the results of the 
more difficult movement into those of the easier after making due allowance 
for the additions and giving half values to the single reactions of both the 


omissions and additions. 





D.O.+ = = en = (easy) 
- 2 
S.O. S.A. 
D.C coe es DA, ees rt (difficult) 
~ 2 


The formula may be stated thus 


D.O. = double omissions 
S.O. = single omissions 


D.A. = double additions 
S.A. = single additions 


Converting the omissions to positive values and adding thereto the additions 
would of course yield a much higher ratio, as this would be computed in 
terms of achievement; but the order of the ratios is not affected in either 
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From the inhibition ratio values, we may infer that the greater 
the practice the more chance is there for individual variation. 
For in the first series there is scarcely any difference between the 
percentile total and percentile average. The discrepancy between 
the two in the second series is due, in all probability, to the fact 
that several new subjects had come into the experiment during 
this series. We should say that this circumstance brought about 
a greater variation from the mean. The difference is greatly re- 
duced in the third series, but yet, as the table shows, greater 
than for the first series, while in the fourth series, there is an- 
other slight rise. The effect of unequal practice, then, is the 


only thing we can think of to account for this regular phenome- 
non. 





























TABLE X. 
Showing Facility of Different Finger Movements. 
Series I Series Il Series III Series IV 

Forefinger vertical downward Forefinger 
Double | Vertical Lateral | f.f. | mf. | mf r. f flexor | extensor 
reactions |, d PR ipa a‘, —_ sive 
per 30 ownward| centripeta ini a ee a ies 
seconds Tests not given 

















Just what the facility ratios are of the different movements 
to one another cannot be told from the data in hand, because we 
don’t know how much allowance to make for practice, but we 
can easily present the different movements in the order of their 
facility (i.e., objective ease) from the last two tables. In this 
scale we can also find a place for the lateral movement (though 
there is no separate test for it) by comparing first the inhibition 
results of the different series, and then the individual finger 
tests. The order accordingly would be as follows: 





(1. Forefinger vertical downward—the easiest 

left | 2. 4 lateral centripetal—next easiest 

hand { 3. Middle finger vertical downward—more difficult 
4. Ring finger ie - —more difficult 
_5. Forefinger extensor—most difficult. 


way. And as the differences (curve) show better with the negative values 
as our standard, we have chosen the former method. 
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INTERFERENCE CURVE. 


We now have the question before us of the efficiency curve 
during interference. We can hardly expect the subjects to do 
as well in the last revolution as in the first revolution. This we 
know : there will be a decline in the achievement, but what course 
will that process take? Will it follow the treppe effect of the 
simplest muscular fatigue? Does it exhibit the drop in the form 
of a straight line, or does it reveal the influence of the Anirieb, 
Anregung, Gewoehnung, and other such Kraepelinian factors? 

On this point we cannot look for any clear-cut results in our 
investigation for several reasons. In the first place, the different 
series, as will be seen presently, offer too much variation, as re- 
gards this particular matter, for a decisive reply. Then there is 
also the special difficulty of applying explanations that can be 
employed with such great latitude and indefiniteness. This is 
true not only of KRAEPELIN’s proposed factors to account for 
the fluctuations in the course of fatigue, but of all others as well; 
and THORNDIKE, in his ruthless criticism of KRAEPELIN’S find- 
ings has scarcely succeeded in fortifying his own position. We 
don’t know any more about the “satisfyingness’ and “annoy- 
ingness”’ of a given task than we do about the warming-up 
process or initial and end-spurts, perhaps even less, for the latter 
are comparatively simple processes, while “satisfyingness’’ com- 
prises a number of contributory factors.* 

The charge of ex post facto explanation which THORNDIKE 
lays at the door of KRAEPELIN’s laboratory holds equaily well 
of his own view, since so far, we have not been able to learn the 
modus operandi of the different factors invoked, and conse- 
quently we are unable to tell whether the one factor was oper- 
ative or another, at a given point. In fact, any or all of the 
enumerated factors might have been responsible for a dent in the 
curve. 

The interference curve, because of the four different compo- 


nents it embraces, is presented here in tabular form for the sake 
of convenience. 


83 FE. L. Thorndike: Educational Psychology, vol. III, p. 78. 
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TasBLe XI. 
Series I. 
Vertical Lateral Combined 
90 45 147 26 137 71 
Revolution 1. — 97— + 14—| —176— + 5— | —273— + 19— 
2 2 2 2 2 2 
101 51 158 27 258 78 
< 2. —133— + 16— | —21I0— + 18— | —343— + 34— 
2 2 2 2 2 2 
‘ 113 49 192 30 305 79 
Se NE RE SS oh 1) eer 
2 2 2 2 2 2 
. IOI 55 " 165 32 266 87 
4. —163— + 4— iro + Lge) OR + a" 
136 72 213 26 349 98 
’ 5 anges + 18— | —276— + 14— | —460— + 32— 
m 133 37 196 40 329 77 
6. —194— + 14— | —279— + 6—]| —473-—~—- + 2— 
EXPLANATIONS. 


The minus sign signifies omissions, the plus sign, additions. The whole 
numbers stand for double reactions; the halves indicate single reactions. 
Each revolution represents 33 secs. 


The omissions and additions in each revolution are out of a total number 
of 2425 double reactions per revolution for the vertical movement and 2512 
double reactions per revolution in the lateral movement. 


In the above table we find a pretty regular drop, more plainly 
seen in the case of the easier movement. There seems to be no 
room in this series for the Antrieb, Anregung, or any of the 
other agencies believed to operate in continued work. 

In the next series, however, we get quite a meandering of the 
line, and it might be possible to regard the fluctuations as evi- 
dence of change of attitude on the part of a number of the 
subjects. Let us see how this series compares with the last. 

The sudden drop in the efficiency curve (next table) between 
the first revolution and the second, as well as the rise between the 
fourth and fifth, and also the fact that there is no further drop 
in the sixth revolution, would tend to confirm the findings of 
KRAEPELIN and to argue for the identity of the interference 
curve and the fatigue curve, which would only mean that both 
processes are governed by common factors. 














‘“ 


“ 
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Tasie XII. 
Series II, 
Forefinger | Middle finger 
194 153 278 121 
Revolution 1. —337—-+ 62— |— 500 — + 29 — 
2 2 2 2 
180 136 286 104 
2. —464—-+ 66 — |—715 — + 31— 
2 2 2 2 
207 138 259 
& ——+O—|-O7 + 
2 2 2 2 
187 138 204 110 
eSB + Oe 1 + 
2 2 2 2 
196 183 291 117 
& per + 9 + 
2 2 2 2 
209 173 336 127 
6. i sie — 867 — + 43— 
4150 double reactions |4606 double reac- 
per revolution tions per rev. 
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Combined 


472 274 
= a + ae 
2 2 


406 240 
—1179— + 97— 
2 2 


406 236 

— 1295-—~— + I00— 
2 2 

481 248 

—1473-— + 4-— 
2 2 

7 300 

— 1452-—— + 135—— 

545 300 


—1025—— + 134— 
2 2 


Before making, however, any further conjectures in that di- 
rection let us glance at the curves of the other two series. 





TasLe XIII. 
Series III. 
Middle finger Ring finger 
, 130 60 283 27 
Revolution 1. —179—— + 20— | —347— + 14— 
2 2 2 2 
z 152 52 265 37 
2. —24i—— + 1I§— | —47— + 4—- 
2 2 2 2 
162 44 251 42 
i. S —S— + = | — ae oe 
2 2 2 2 
; 169 259 28 
& Ba fm | Se + 16s 
2 2 2 2 
130 70 240 29 
» §. —308— + 1I9— | —559— + 9— 
2 2 2 2 
140 74 226 32 
Ks 6. —28— + 33— | —95— + 12— 
2 2 2 
2074 double reactions | 3346 double reac- 
per revolution tions per rev. 


Combined 
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Upon examination it will be noticed that the curve in the third 
series bears a close resemblance to that of the second series. 
There will be found here the same wide gap between the first 
and second revolutions, and the same approximation between the 
fifth and sixth revolutions, this time in favor of the latter, 
however. 

The same general results are obtained for the fourth series, 
even in a more pronounced form. 








TABLE XIV. 
Series IV. 
Flexor forefinger Extensor f.f. Combined 

182 29 246 37 66 
Revolution 1. —252 + 8— | —470o— + 7—|— PB og I5— 
2 2 2 2 2 2 
202 22 237 37 439 59 
2. —3I5—— + 12— | —613——- + 144— | — 928—-+ 26— 
2 2 2 2 2 2 
- 211 33 275 39 486 72 
3. —328 + 16— | —656— + 8— | — @8— + 24— 
2 2 2 - 2 2 
206 29 285 29 491 58 
. 4. —349— + 18— | —687— + 6— | —1036— + 24— 
2 2 2 2 2 2 
209 39 268 24 477 63 
° 5. —316— + 15— | —676— + 11— | — 992— + 26— 
2 2 2 2 2 2 
175 35 268 18 443 . 53 
. 6. —328— + 21— | —704— + 2— | —1032—-+ 23— 
2 2 2 2 2 2 

2264 double reactions | 2894 double reac- 

per rev. tions per rev. 








Again we notice the great drop in the second revolution fol- 
lowed by a gradual decline in the second and third revolutions 
and then a distinct gain in the fifth revolution, with the usual 
approximation between the fifth and sixth revolutions, which 
means that the worst work was done not in the last revolution, 
but in the fourth. 

Our tabular curves, we can say then, exhibit the signs of a 
certain regularity in the course of the work—regularity in the 
sense of uniformity of phenomena. The first series shows 
greater regularity in the direction of a straight line and less 
conformity to the curves of the other series. 
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It is safe, on the basis of our curves, to declare that there 
were regular fluctuations in the efficiency of the subjects during 
the work, but what these fluctuations are due to can at most 
only be conjectured. So many factors have been proposed that 
any one of them or several combined might be called in to solve 
the problem. Such a solution, however, is far from being satis- 
factory, for the reason that it is too easily manipulated. There 
is also the probability that under interference conditions, other 
factors are brought into play which operate only slightly or not 
at all in work of an ordinary kind. The solution of such prob- 
lems must of necessity be reserved for future investigations in 
which the factors supposed to be responsible for drops or gains 
in efficiency can be tested separately. 


SPONTANEOUS REACTION. 


The spontaneous tests which were given for the purpose of dis- 
covering differences between work under normal conditions and 
work under pressure brought out the following facts: (1) A 
good deal of automatism is displayed in the records; (2) the 
difference between the flexor and the extensor results is more 
marked for all but one subject here than when working under 
outside pressure in the form of rapidly alternating stimuli; (3) 
metabolic fatigue plays a secondary part in the waning of effi- 
ciency as disclosed by our interference curves; (4) The subjects 
fall into two classes according as they can accomplish more (a) 
while reacting to the rapidly alternating stimuli, or (b) tapping 
spontaneously with no stimuli in sight. 

Before we proceed to give illustrations, let it be repeated here 
that in these spontaneous tests, the subjects were asked to tap 
the key in pairs just as they had done all along, and in order to 
eliminate automatism, they were given the further instruction to 
try and follow the general arrangement of the stimuli-lists they 
have been reacting to previously. This was a positive instruc- 
tion with a negative significance. The purpose in view was not 
to have them lapse into a rhythmic repetition of the previous 
reaction, but to alternate at random between the flexor and the 
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extensor movements on the keys.** The working period lasted 
for 3 minutes, and each 30 sec. interval was marked off on the 
kymograph so as to represent the six revolutions in the ordinary 
experiments. In this way we could trace the achievement curve 
of the subjects for every 30 secs. 

A transcription of some of the spontaneous records will serve 
to show what is meant here by automatism. In some cases, the 
tendency to mechanize is not displayed till the last 30 seconds of 
the test. The transcriptions of the kymograph records to follow 
are taken from subjects of different types. In addition, a sample 
will be shown of the subject least given to automatism, but it must 
also be stated that this subject, regardless of the fact that no 
stimuli-list contained groups of 5, 6 or 7 dots (and only one 
or two contained groups of 4) struck as many as 7 pairs in these 
tests. The greater scope for variation then may be taken as a 
partial explanation accounting for the absence of automatism in 
his case. 

Tables XV and XVI, in which the mechanization lapses of the 
subjects are indicated by the numerals in bold type, are sufficient, 
we trust, to warrant the conclusion that rhythmic tendencies play 
a great part in work, and that each subject has his own favorite 


arrangement. Simple alternation of individual pairs seems to be 
more universal than other rhythmic arrangements. 


As to the degree of physical fatigue that enters into a 3 minute 
working period, the tables stating the number of reactions for 
every 30 secs, point to the view that muscular fatigue does not 


play such a large part as might have been supposed. Of course, 


it may be urged that in the experiments with exposed stimuli, 
there is an expenditure of energy in the processes of perception 
and discrimination. All this is granted, but it will be recalled 
that in their introspection, some of the subjects spoke of being 
exhausted in the first minute of the experiment, and actually 
referred to muscular fatigue in the second revolution. 


84 The instructions really implied then that (a) there were to be no single 
reactions, (b) that a group was not to consist of more than three pairs, 


and (c) the immediately preceding group or individual pair might be re- 


peated, but only once. Such were the conditions involved in the ordinary 
experiments. 








THE INTERFERENCE OF WILL-IMPULSES 69 


TABLE XV. 
Transcription of Spontaneous Records. 


Subject FG Flexor movement. 
Ist 30 secs. 221494214222241 14112333 
and “ 148342424222 
3rd “ “  22422242424242 
4th “ “ 4523224122326 

Subject FG Extensor movement. 
Ist 30 secs. 13%422141142141 422241242343 
and“  “ 412723424242 
grd “242422242424 
4th “ “ = -244%2413223122324 

Subject LO Flexor movement. 
Ist 30 secs. 122415112611 Y42Yv1111 


2nd “ Z1Y4WYZWUIIII4 1 IV2IZ1I2111wI% 
grd “ “ 2114,44WVI21121311113 
— 1,1,1,1,1,4,1,1,4,1,3,11121I2“1Y%13 
sth “ “ = 4,1,5%4,1,2,112,2,1,1,1,1,3,52121114, 42312 
Sails IIIIIIYIA241IIIII411145 
Subject LO Extensor movement. 
Ist 30 secs. 131534124233/21423% 
aa”. | II2ZI21 412111441 11I21VvI1 
grd “ “ 1111434311%431212111%43 
eT 11212234221 W“I1IIII41121 


Regie 1224131231 Y2iali1 
at VAIIIIIIIIN 4211 IIIIIIIIIII 12 
Subject SR 


It is sufficient to give the values only for the Ist and last 30 sec. 
periods in this case 


Ist 30 secs. 

flexor Veh tee Pfr ik 

extensor] 27 1IIII144224 

6th 30 secs. 

flexor 3329111 I11l WMYMYIIIMBIIII1I1% 

extensor(| 13351111 I TF VIII ILItIII171 
Taste XVI, 

Record of RO, showing practically least automatism 

Ist 30 secs. 

flexor a9 33 02 37 2 tis? 1 

extensor! 42133262I1%1252 

2nd 30 secs.” 

flexor wieteverc tit 2% 3115 

extensor! 32234122411 412% 1%2133 

3rd 30 secs. 

flexor fats 33 24 1%46226 

extensor J eieeus leo 1%, 163344 


4th 30 secs. 


flexor bg FA I 131% 21322 721142M%41% 
extensor! 21224ZI%Z11 242421%43112 


5th 30 secs. 
flexor Tiare aise 
ce Cet sasgres 


extensor 
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In the efficiency curve of the experiments with exposed stimuli, 
far greater regularity was exhibited. No subjects did, for in- 
stance, as good work in the last revolution as in the first. A 
drop was noticeable throughout until the fourth revolution. It 
was only a question of how steep the slope was. The indenta- 
tions and fluctuations of the curve were few and regular. In the 
spontaneous reactions, however, we get results like these: 











TasLe XVII. 
Subj. FG | Subj. LO | Subj. LZ Subject SR Subject VL 

Extensor Flexor Extensor Flexor Extensor Flex. Ext. 
6 3 12 I 3 

Est 30 secs; = 31— 3— ays 37 31 a B= 

2 2 2 2 

e -Gt 4 é 6 25 t t 9 2 

and 34— 30 — 14— 37 — 34— 6o— 27— 
2 2 2 2 2 2 2 
2 19 6 4 

me” 34 30 — 27 — 26 38 49—- \25— 
2 2 2 2 
&< sc 3 2 I I 7 8 

ath 35 — 33 — 30 — 29 34 so— |yo— 
2 2 2 2 

‘“ 9 I 9 8 

sth“ * —s 36 — 31 — 29 34— 6— BB— 
2 2 2 2 2 

2 8 6 2 6 8 

Nad — 42 — 29 — 38 — 32— s=~- y=— 
| 2 2 2 2 2 2 


What this marked 




















difference between the interference curve 








and the working curve for the same period of time is due to we 
are not in a position to say. . The deviation, however, clearly 
suggests that different elements are involved in the two proc- 
esses. The question that presents itself is not only what part 
fatigue plays in our interference conditions, but the converse, 
viz., how much of what generally goes under the name of 
fatigue is directly due to interference? Had we a definite cri- 
terion of fatigue under all conditions, our problem should not 
be a difficult one to solve, but it seems that all we know about 
the fatigue curve in the more complex cases of work is that it 
tends generally in a downward direction. With this as our 


guide, it is plain we cannot measure some other factor which 
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may be either closely or remotely related to fatigue. Neverthe- 
less even with this negative information as a starting-point, an 
investigation in which both fatigue and interference were studied 
separately and the one exclusive of the other, would, in the opin- 
ion of the writer, go a long way towards answering the double 
question just put. 

In comparing the ‘spontaneous’ and the ‘forced’ (rate) records 
as to achievement, there are certain obstacles that could not be 
obviated. The most careful calculations cannot give us an idea 
of what allowance to make for the various elements present in 
the one and absent in the other. Excluding these considerations, 
a gross comparison of the two sets of records leads to the con- 
clusion that most of the subjects, and possibly all, made more 
reactions when the pace was set than when they were left to 
their own inclination in the ‘spontaneous’ tests. The subjects 
about whom there is considerable doubt are LV, SR, and LZ. 
They accomplished more in the ‘spontaneous’ work, but: it must 
not be forgotten that the time lost in perception of the stimuli 
may have been more than sufficient to make up for the differ- 
ence. All the other subjects did actually more work, encumbered 
as they were in the ordinary experiments than when allowed 
their own rate as in the ‘spontaneous’ tests.*° 

Lastly there is still to demonstrate the fact that in the ‘spon- 
taneous’ tests, a greater difference was exhibited between the 
flexor and extensor movements. Subject LO was the only per- 
son for whom the reverse was true. If we are allowed for the 
sake of convenience to talk of the general experiments with the 
rapidly alternating stimuli as “forced’’ work in contradistinction 
to the ‘spontaneous’ task where the subjects had more liberty, 
the inference is that if a certain goal is to be attained, a greater 
amount of effort will be put forth in the more difficult direction 


85 Cf. Dobri AvramorF: Arbeit und Rhythmus, Philosophische Studien, 
vol. XVIII, 1903, p. 520. “Damit eine grosse Leistung eintritt, muss un- 
bedingt, das vorgeschr iebene Tempo schneller sein als das selbstgewahlte . . . 
Also p. 521-522 “Laut unseren obigen Ueberlegungen ist also der Vorgeschri- 
ebene Takt unmittelbar nur geeignet, die Quantitat der Arbeitsleistung zu 


erhdhen. Angenehmer, wirkt aber das Selbstgewahlte, als das vorgeschriebene 
Tempo. 
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than would have been done otherwise. This, again, fits in with 
and corroborates the previous result, viz., that most subjects 
showed greater efficiency in the extra-stimulated reactions than 
in the auto-stimulated ones. In industrial affairs, this fact has 
been recognized long ago, as proven by the encouragement of 
piece-work under the contracting system in many plants and 
factories. Moreover, it is well known that trade unions are 
openly averse to this system, the question of piece-work pay or 
a weekly wage figuring greatly in recent strikes, notably in the 
tailoring trade. 

A word or two to explain just how the comparison was insti- 
tuted between the two sets of movements. In the ‘spontaneous’ 
records, the results are naturally in terms of achievement, while 
in the interference (‘forced,’ extra-stimulated) experiments, the 
results have been stated all along in terms of omissions. It was 
necessary, therefore, first to convert the omission percentages 
into those of achievement. The single omissions were given 
half values. Dividing, then, the extensor values by the flexor 
values, we obtain the ratio between the two movements in either 
set of experiments as follows: 


TaBLe XVIII. 
Ratio Between Flexor and Extensor Movements. 








Auto-stimulated 

Subject | Extra-stimulated | (spontaneous) 
LV 92.11% 60.31 Yo 
LZ 70.56% 65.8 % 
RO 89.% 78.4370 
Ld, 100.2% 92.04% 
FG 95.4% 92.7 Yo 
SR 93.55% 92.2 % 
ML 82.76% 81.53% 
LO 79.51% 04.4 Jo 
Average 89.01% 82.18% 














CHAPTER VII. 


INTROSPECTIVE RESULTS. 


The main problem before us here is to gain some analysis (1) 
of the antecedents of the inhibition and (2) of the state of mind 
during the inhibition. There are, however, many subsidiary 
points that bear on the work as a whole forming a sort of back- 
ground or setting for the central issue. 

A striking feature that comes to light in the introspection is 
the feeling of fatigue spoken of by nearly every subject. It is 
difficult to conceive that we are dealing here with a genuine 
fatigue factor, for considering that the whole working period 
lasted only 3 mins. and 18 secs. it is somewhat strange to find 
one subject (TR in XIII) say, “Fatigue comes in middle of 2nd 
revolution,” i.e., in less than a minute after the work commenced. 
In spite of the fact that this fatigue is frequently localized, it 
seems as if it is more of a psychic origin. Many of us have 
probably experienced a feeling of faintness and fatigue at the 
very thought of a difficult and responsible task that must be 
done. Just as frequently do we experience the converse when 
on finishing some delicate piece of work after hours of great 
exertion, we feel so fresh and efficient that we could start on 
another task without any effort. Excessive tension or sudden 
relaxation are probably the partial causes of such states. 

The attitude of the reagent (or agent in actual life) has much 
to do; it would appear, with the occurrence of the above-men- 
tioned effect. The following bit of introspection from the same 
subject will make our point clearer. 


Subject TR. 
Series I, list XII. Rapid first. 


“Omitted perhaps half.* Fatigue in arm, and work was in- 
creasingly bad. There is a decided tendency to give up and say 


* This exaggeration which is found in the protocols of most of the sub- 
jects is very interesting. As a matter of fact T R omitted less than 1/5 in 
that particular list. 
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there is no use. Don’t know of any mistakes I made outside of 
the omissions. Generally behind 4 or 5 and try to catch up, but 
as soon as the number is greater, I stop and go on to [react to] 
what I see. The fact that I tap from memory while looking at 
different dots confuses me somewhat. Not the least difficulty in 
association. Consciously stop sometimes. Attention on the 
stimulus not on the movement, not conscious of the movement 
until I get the pain in the arm from fatigue. Don’t like the 
beginning of the next revolution. [In this list each revolution 
began with the close dots, thus calling for greater speed] and 
don’t get keyed up for it. Keep a steady pace.” 

We see here that the subject thought her efforts were in vain, 
to begin with, and this thought evidently controlled her whole 
state of mind during the reaction. In lists X and XI where her 
“attention was not focussed on the work,” she did much better 
work, and stated so in her introspection. 

With the preceding, we might compare the attitude of subject 
LE who was almost in every respect different from TR, except- 
ing the universal tendencies such as favoring the easier move- 
ment, exaggerating the poor quality of the work and the like. 


Subject LE. 
Series I, list XI[1—rapid first. 


“Easier than the one before. Don’t think I had more than 
half right.* Very often the finger would slip from the green 
[difficult movement] movement key to the red [i.e., the down- 
ward reaction] and made a single red. Only muscular inhibi- 
tions. React to what is present. Don’t try to catch up... . 
In seeing the fast at the beginning of the next revolution, I would 
do the slow more correctly, then as the fast of the next revolu- 
tion came up, I may have dropped the first 3 and started on a 
4th.” 

The difference in attitude is even more strikingly brought out 


in the protocol of 


Subject RO. 
Series I, list VI[—rapid first. 


‘Liked this series better than the first. It was easier. I knew 


that I could store up energy for the next revolution. There was 
*In reality, it was only about 1/10 that she omitted. 








THE INTERFERENCE OF WILL-IMPULSES 75 


catching up in the record because it gradually slowed down. In- 
stead of feeling that I was going from bad to worse, I felt that 
I was going from bad to better. Attention on the movement. 
Omitted about 1/10 in the worst and 1/15 in the best revolu- 
tion.** Omissions not so bad at beginning, then grew worse and 
towards the end diminished with practice. Maximal fatigue 
without offsetting by practice about the middle. I get keyed 
up at the end of the revolution for the next. No sensory con- 
fusion, but association apparatus grew weak when fatigued. In 
the last 2 [revolutions] the association apparatus grew better.” 


That the attitude®® of the subject plays some part in the way 
of either inducing or warping the feeling of fatigue can be seen 
not only from the fact that sometimes there was more fatigue at 
the beginning of a record than towards the end, but also from 
the refreshed feeling with which the subject set to the second 
record at times. Encountering an obstacle, feeling that one is 
behind, in a word, the consciousness that one is not equal to the 
task*’ is liable to bring on not only an unpleasant feeling-tone, 


** His omissions were less than 1/20. 

86 Seeing that the term “attitude” is fraught with so much ambiguity, a 
word of explanation might be in order. In the first place, then, it should 
be made clear that the “attitude,” as understood here is not necessarily a 
permanent frame of mind taken up by the subject (Stellungnahme), nor is 
it employed in the more technical sense of Bewusstseinslage. It is some- 
where between the two and represents a possibly changing frame of mind 
affected by the situation and conditions faced. To begin with, a certain at- 
titude is called forth by the personal determinants, but an increasingly diff- 
cult situation, let us say, or perhaps the flush of continued success may 
change this attitude materially, so that it really depends on many factors, 
and is not entirely subjective, because it is modified and thus partially de- 
termined by the run of external conditions. 

87 What is here described as the negative attitude seems to correspond at 
least in its genesis, to MEUMANN’s first type (riickwirkende Tendenz) of 
will-inhibition. Cf. his Vorlesungen, vol. I, pp. 637-638, 2nd ed. Consider- 
ing, however, that subjects are apt, on occasion, to be possessed with a 
feeling of confidence as well as with a feeling of failure, though MEUMANN 
omits to mention this latter phase altogether, it is not easy to see why he 
should make out of this phenomenon a onesided affair, instead of giving it 
a generic place with positive and negative values. The concept of attitude 
is not only preferable for this reason, but also because it is in a way ex- 
planatory and takes us a step behind the inhibition especially as “nicht alle 
Individuen sind fiir diese Willenshemmungen gleich zuganglich, und wo sie 
auftreten, wirken sie sehr verschieden, loc. cit. p. 639. 
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but even the feeling and sensations of fatigue. On any other 
view, it would be difficult to explain and reconcile certain state- 
ments that come up repeatedly in the introspective accounts.” 
Samples of this might be found in the protocols of FG and ML. 


Subject FG. 
Series 1,—List XIJ—rapid first. 


“Did it better [than the slow-rapid list]. Think this the . 
easier. In second revolution I got mixed up and alternated the 
wrong way. Looked out for this and got mixed up only once. 
Suddenly all my tension relaxes. Feel comfortable and the speed 
is slower.”’ 


Subject ML. 


Serres I—List IX—slow first. 


“Thought I only left out about ten dots in the last revolution. 
Improved towards the end. There was eye strain and every- 
thing seemed blurred in the middle revolution. There was one 
place in the middle of each revolution when association would 
be apt to break down, sometimes only slightly. Generally speak- 
ing the curve of work went up though irregularly. Fatigue set 
in at the very start, but soon this fatigue was underneath. It 
was pleasant to finish up the end of one revolution and did pretty 
well in the last bunch, and then relaxed so much that I had some 


difficulty in keeping up with the slow ones. Preferred gradual 
keying up.” 


88 It is gratifying to see that Lapp and WoopwortH (Elements of Physi- 
ological Psychology, p. 540) are careful enough to say on this point: “In- 
asmuch as a short series is relatively free from inner interferences whereas 
a long series involves many such chances, a short series is apt to be per- 
formed with better success than a long series. The appearance then is that 
fatigue has influenced the longer performance. But since even this long 
performance need be only a few seconds in length, and since recovery from 
the condition is prompt, such fatigue can scarcely be identified with the 
progressive and metabolic type.” Our results are certainly corroborative of 
the further statement that “there is apparently a radical difference between 
metabolic fatigue which really lowers the power of an organ and the inhi- 
bitions which result from the action of certain stimuli to the organ. It is 
probable that inhibitions or interferences give the key to most appearances 
of intellectual fatigue.” It is well worth underlining the last sentence con- 
sidering that the term fatigue had beclouded a number of issues in psy- 


chology that are either antecedents of fatigue or else only remotely related 
to it. 
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The blurring effect is an important point especially because it 
is not a rare occurrence. Several subjects have spoken of sen- 
sory inhibition, and a few others stated that the stimuli they 
didn’t react to were not perceived in the first place. But why 
should some dots be perceived distinctly and others not? Here 
we come upon a matter of great theoretical importance. From 
many protocols it may be gathered that the distinct perception 
of the stimuli depends in a large measure on the quality of the 
immediately preceding reactions. If all goes well, there is no 
blurring of the stimuli. If the subject, however, had been mak- 
ing mistakes or was lapsing into a state of confusion, the on- 
coming stimuli would make but a faint impression. It would 
seem as if in accordance with the Action theory, the motor diffi- 
culties produce a blocking of certain higher channels that are 
involved in apperception and perception. This is by no means 
an attempt to go into the merits of the various inhibition theories 
that are in the field at present, but it is well to keep in mind the 
theoretical bearing of the blurring effect. 


METHOD OF REACTION 


The introspection reveals that not only are there individual 
differences in the method of going about the work, but that every 
subject changes his attitude and method more than once in the 
course of the reactions. The rate of speed, and the direction of 
change, i.e., whether the dots are in an ascending order of speed 
or in a descending order, and sometimes even their number-ar- 
rangement—all these factors call forth different determining 
tendencies. The subject may have been doing one thing for a 
short period, and a few moments later, he may have adopted a 
different course entirely. The change was not a chance happen- 
ing or an arbitrary move. It was brought about by an altered 
situation. 

The most remarkable instance of this transformed attitude 
was evidenced in going over from the “rapid-slow” to the “slow- 
rapid” list, or vice versa,* but reserving the discussion of that 
point to another section, we have other instances of this fact, 


* Vide sub “Application to Pedagogy.” 
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bobbing up again and again in the protocols. Here is a good 
example: | 


Subject GD. 
Series II—list XV A.—slow first. 


“Liked this much better. In the last record [the list was the 
same, but reversed, so that the rate of speed was in a descending 
order, i.e., it began with the very close dots] the whole thing 
seemed to be just as fast as the fast part of this. The first part 
here seemed slower than the slow in the experiment before. 
Only twice I found myself waiting for the next dot. There 
would be a tendency to alternate during this waiting. When tt 
was going very fast and I was hurried, I would have the tend- 
ency to continue the same process. When going very slow I do 
the dots singly. When a group is all gone and out of sight I 
don’t try to catch up.” 


Subject FG. 
Series I—list XI—rapid first. 


“When I do good work, tt seems to go more slowly.* Made 
several omissions and one mistake. Had to catch up. Antici- 
pate when seeing the beginning of next revolution and get keyed 
up. Can count the number of taps by the sound.” 


Series I—list X—slow first. 


“Liked the one before much better. The grouping in this was 
such that I couldn’t keep up with it. It seemed to be a different 
one [list] from the one before.* Didn’t like the side movement. 
There was inhibition with the green [stimulus for side move- 
ment]. Found myself working at wrong dots in this. For a 
whole string I did the wrong ones and then had to stop and 


begin afresh. Worst work was in the middle revolution. Then 
I started improving.” 


* The speed illusion is one of the most interesting results in our experi- 
ments, especially because of its universality; and forms a valuable datum 
for discussion in dealing with time perception. The explanation of this il- 
lusion, which, so far as the writer is aware, has not been hitherto men- 
tioned, seems to lie in the increased tension due to the unrealized impulses. 

* Subject F G was the only one who knew that the second list given in the 
sitting was the reverse of the first. As the large screen in front of the 
stimulus-cylinder concealed the manipulation of the apparatus, no subject 
had the opportunity of obtaining this information, except by being told. 
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Subject RO. 
Series II—X XII A.—28” slow first. 


“Attempt every group now but don’t attempt to complete it 
as I used to do before [when rate was not as high]. This fights 
off the inhibition. The inhibition used to be between intention 
to do, say, six taps and intention to react on the oncoming stimu- 
lus. Here the whole emphasis is on the advance work. My set- 
ting is for the new color always.” 


Series II—X VIII A.—28” slow first. 


“As soon as I felt the lack of control, there was a tendency 
to relax. As soon as memory images faded out, I let the whole 
thing slide until I could get another grip.” 





Subject SR. 
Series II—X VIII A.—slow first. 


“Contention of impulses in the form of images [did not state 
what kind] and conscious of both impulses and of the fact that 
there is a contention. What settles the struggle is complete 
banishment of both impulses from consciousness. ‘This is volun- 
tary. Yield to the new impulses coming.” 


Owing to the play of several different tendencies during the 
sitting, the subjects’ statements appear at times contradictory, 
but it has already been suggested that the methods adopted vary 
with the course of the work. Subject GD in mentioning the two 
conflicting tendencies that he experienced made it plain that when 
he is hurried, he is inclined to continue in the same process in- 
stead of alternating in accordance with the stimuli, while in wait- 
ing for a dot to appear he has a tendency to alternate. Subjects 
FG and SR are not as definite. The former tells us that there 
was a tendency to alternate (with XIV rapid first, which is the 
easier list for him) and after the next record (XV, slow first) 
says, “Tendency to continue in the same process, which I had 
to control”; while the latter (IV 24”) makes it known that there 
was a “slight tendency to alternate’’ and almost in the same 
breath adds “also a tendency to keep on striking the same key.” 

If the alternation tendency is at work during a moment of 
waiting it might well be due to anticipation. Another possibil- 
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ity suggests itself quite plausibly. The subject may have ex- 
perienced the alternation tendency while performing the more 
difficult movement, whereas the continuation tendency may have 
forced itself upon him while making the easier reaction. In 
general the latter tendency was more in evidence, and a distinct 
effort had to be made to control it. 


THE LESSENING OF THE TASK. 


In agreement with what has been said before on the course of 
least exertion, the introspective protocols disclose numerous ways 
of making compromises between the task and the response. It 
has already been stated that various methods are adopted to suit 
various moments of the changing situation. The shunting is 
systematic. The subject has to omit, but implicitly his task calls 
for an effort to react to every stimulus. It is clear that he can- 
not proceed and carry out the burdensome instruction in all that 
it implies. The only course open then is to make allowance in 
certain cases or to exaggerate one element of the task at the ex- 
pense of another (compensation). What happens is this: The 
specific determining tendencies, which vary according to the per- 
sonal determinants, come into play to counteract the primary or 
dominant determining tendency. If the latter tendency were to 
prevail without repression, the subject would be going along at 
a comfortable pace; but he feels a certain responsibility and this 
determines him, let us say, to keep on tapping. He does it, 
however, aimlessly without reference to the stimuli. This is 
one way of discharging his duty. Now there are many other 
ways that will be gone into more fully in the chapter on indi- 
vidual differences. Anticipation seems to be resorted to quite 
frequently, but anticipation of a particular sort. The subject, 
viz., makes a deposit of a single or double reaction during a 
period of waiting, and counts it afterwards as belonging to the 
oncoming group (Subject R U especially is given to this. In 
Series III (XXI B. 28” slow first), he says, 


“Tendency to continue red, and then count it as the first of a 
group that hadn’t come up yet, i.e., anticipated.” 
This easing up in attitude is more articulate with other sub- 


jects, notably TR, SR and LV. The latter tells us 
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“I don’t appear to see all, but only as much as I can do. Vol- 
untarily omit those that are too much. . . . “That’s superfluous,’ 
‘Two is enough from those there’ seem to suggest themselves on 
the motor side, so my apperception is reduced.” 


Series III—XVII B.—slow first. 
Or again, 
“Had a feeling of cutting part off and throwing it away. 


There was hardly any conflict of impulses. The frame of mind 
is ‘Get what you can and leave the others.’ ”’ 


Series II—XXIII A.—rapid first. 


Similarly subject SR had a tendency “to stick out certain 
groups only” and take a lax attitude. Said 


“*What’s the use of trying to catch up.’ Apperception weaker 
for the dots I did not pick out and stronger for those I did.” 


Several subjects had a tendency to rest satisfied with making 
a single reaction instead of a double reaction. That was espe- 
cially the case with the more difficult movement, as may be seen 
from the tables in a previous chapter. Subject ML states 


“would stop short the impulse to react on green [upward move- 
ment] every time I’d see a red [downward movement] coming 
up” (Series IV, xviii c, slow first). 


There were also such occasional lapses as these: striking a 
key with two fingers, striking the two keys with the easier finger, 
using the knuckle instead of the finger tip, stopping prematurely 
at the end of a revolution. These lapses are recorded of sub- 
jects SR, ML, RO, and FG. 

Another subterfuge seemed to be the omission of isolated 
stimuli. It was the group of two or three that received most 
attention, except by three subjects. (Of these two regarded the 
single dot or cross as a group, i.e., to them it was the alternation 
in color that formed the group.) The reason for emphasizing 
the larger groups is obvious. There are really two causes for 
that tendency. In the first place, the larger group is, as far as 
most of the subjects are concerned, apperceived with greater 
vividness. The large group makes more of an impression. Sec- 
ondly, there is greater economy of effort in reacting to three 
stimuli of the same kind than in alternating from one key to the 
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other. In repeating the same reaction, instead of changing the 
movements, there is also some time saved. 


INHIBITION 


We now come to a central point, viz., that of inhibition. To 
begin with, we must realize that inhibition is but a name for a 
number of phenomena that have at their root a similar process. 
In all sorts of inhibition we find one salient feature that really 
determines their coming under this category, and that is the 
checking process. That is true both of physiological and mental 
or psychological inhibition. With the former we are at present 
not concerned. The latter, however, does need some further 
analysis and classification. In speaking of psychological inhibi- 
tion one is apt to confuse the cause and the effect, the state of 
inhibition and its antecedents or else the state proper and the 
further results. In a sense, every state of consciousness is an 
inhibition inasmuch as it holds other states out of consciousness. 
A moment of concentration is an inhibitory state on that score. 
It is clear, however, that such a broad view would not be of 
much use, and for technical purposes, it would be but a mere 
quibble. We must distinguish between the feeling of tension 
that leads to inhibition and the mental content that represents the 
latter state. In the same way it is necessary to mark off inhibi- 
tion from reversals, though lapsing into wrong movements 1s 
often the effect of inhibition. 

In our experiments, the subjects distinguished three kinds of 
inhibition. The first was spoken of as sensory and was de- 
scribed as a blurring effect of the stimuli. There seemed to be 
also a couple of variations in this type, (1) in distinct perception 
of the stimuli; (2) after-images or “overlapping of visual con- 
tent’’ as subject LV expressed his experience on several occa- 
sions. In his case, the after-images were of the stimuli repre- 
senting the more difficult movement. 

The second type of inhibition was sometimes called “muscu- 
lar,” sometimes “motor”; and by that the subjects seemed to 
wish to convey the idea that this inhibition had to do with the 
realization of the impulse. They associated it with the muscle 














THE INTERFERENCE OF WILL-IMPULSES 83 


because they felt it checked them when they were nearer their 
goal. This type did not appear to be so serious as what they 
called the ‘Associative’ or “Central”®* inhibition. It was really 
the last type that caused most of the mischief, the disturbance 
taking deeper root and lasting for a greater period of time than 
with the other two kinds. The associative inhibition frequently 
brings on the sensory kind, while the associative kind may be the 
result of the purely motor type, but sensory inhibition never ap- 
pears first, ie., there is no blurring effect until the difficulties 
begin to accumulate. It is probably then, too, that the ignoring 
of parts of the stimuli-series begins. 


THE APPERCEPTION OF GROUPS. 


The grouping of the dots seems to be an adaptive device mak- 
ing for greater speed. The higher the rate of speed, the greater 
is the tendency to regard two or three stimuli of the same kind 
as a single unit. This is apparent not only from the fact that 
the slow reagents are apt to show this tendency more than the 
quick reagents, but also from the two different methods of at- 
tack frequently employed by the same subject. 

In the section on Reaction Method, we have already found 
that subject GD would do the dots singly at the slow rate. Other 
subjects seem to have adopted the same method. 


“At the lower speed, I take the dots individually. At the high 
speed only I group the dots. The grouping is a device to keep 
up’ (LO in XXI A). 

Subject LZ, who was the slowest reagent of all, had no oppor- 
tunity, at any time, to react upon each dot individually. He 
therefore takes them 


“In groups, and at the high speed groups the groups, so that 
several groups make one group” (XX A). 


This tendency may be compared with the apperceptive tend- 
ency in reading: Reading at leisure is, in the writer’s experi- 


89 These terms were used by the subjects only as convenient expressions 
and by no means as theoretical suggestions. After the three kinds of inhibi- 
tory experiences had been distinguished, it was agreed between subjects and 
experimenter to understand by such and such a term a particular experience. 
The subjects employed their own terms; hence the synonyms we find above. 
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ence, done mostly in phrases and sometimes even in single words. 
Very often this is a hindrance in following the continuity of the 
sentence or paragraph. In spending too much time on the single 
words we lose the relation or drift of the whole. Many of us 
get more out of our reading when we do it while in a hurry,” 
perhaps when we are anxious to finish the chapter before the li- 
brary closes, or when, in the margin of consciousness we feel the 
immediate pressure of other and more important work. It is 
then that we take in at a glance whole clauses and sometimes 
even sentences,”* by falling into a certain galloping tempo that 
accents the important and skips the unimportant parts of the 
sentence, or in the language of JAMES 

“We give attention only to substantive starting points, turn- 
ing points and conclusions here and there.”*? 

The significance of a group of dots cannot, of course, possess 


the same significance as a phrase or a clause, yet subject LO who 
takes 


“The dots in groups, especially when they are going fast” gets 
them “‘as letters of a telegraph message.” 


The meaning of the stimuli is constituted by their number, color 
and shape and possibly also their sequence. The larger the group, 
the more meaning it has. Also the stimulus of the color and 


shape recognized as requiring the easier movement is more 
meaningful than its opposite. 


The connection betweeen the apperceptive tendency and the 
course of least exertion will be brought out in greater relief when 


90 Cf. TircHENER: Experimental Psychology of the Thought Processes p. 
204; “It is surprising how accurate an impression may be gained by hurried 
selective reading, ‘skimming,’ if only one has had sufficient practice.” 

91 This of course is outside the question of fixation pauses and eye move- 
ments. 

82 James: Principles of Psychology, vol. 1, p. 265. So far writers on the 
psychology of reading have taken up differences in individual types or dif- 
ferences in material as affecting the rate of reading. From observation, 
however, we know for certain that the rate varies not only with the indi- 
vidual and with the material, but with the purpose in reading, as Titchener 
points out in his own case (loc. cit. p. 203); and we might add: with the 
attitude of and conditions imposed upon the reader. Here, indeed, lies a 
problem in reading for future investigations. 
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we come to discuss the difference between sensory inhibition of 
the RANSCHBURG type and motor inhibition. 

In order to get at the inhibitory state of mind more closely, it 
is necessary to start with the antecedents. Generally speaking, 
inhibition is first caused by a conflict between the impulse to 
react on a previous stimulus and that of responding to one that 
has just come into sight, the resulting inhibition may be slight 
and affect only two or three stimuli. It may consist in the in- 
ability of stopping one impulse in time to start for another 
response. But it may also go deeper than that and throw the 
subject into a daze. The degree of inhibition may be measured 
by the degree of definiteness the subject has of the instructions. 
That is clear from the accounts to follow. Inhibition, also has 
more chances of coming on, the more intent the subject is on his 
work. Subject FG generally had his attention off his work. 
The instructions were held in marginal consciousness and he 
often lapsed into reversals, striking the wrong keys, but as 
already remarked, that could not be called inhibition. It was 
only when he caught himself reacting wrongly that he was in- 
hibited and had to stop in order to start anew. The wavering or 
shifting of attention seems to be the sole cause of reversals, and 
the reversals eventually give rise to inhibition, i.e., as soon as the 
subject becomes aware of his mistake. 

The most characteristic thing about inhibition is the feeling of 
helplessness in various degrees. Here is how subject L V de- 
scribes the rise of his inhibitions: 


(Series III—XX B.—rapid first.) 


“Hand and eye seem to be entirely disconnected when during 
slow part of list I made needless mistakes. Feeling of aston- 
ishment that I should do so poorly at slow rate. First revolution 
was about 90% right. Second made me shift and put me all 
out. I knew I was making reversals and could do nothing. In- 
ternal speech “no” and feeling of ostracism, of self-depreciation 
I was in the state that I couldn’t believe I had done it... ., 
There was tension and inner exhortation to do better and feeling 
as if I were forming a new habit.” 


In the second record he says 
“Consciousness of omissions great. In second revolution there 
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was 2 reverberation of the omission consciousness, which was 
turned into reversal. Felt I had omitted and then turned back 
to make up, with the result of making a reversal. Looked de- 
liberately at red and tapped green [struck the key corresponding 
to the green dot]. Disparateness of eye and hand. Hand seems 
to be refractory to decision.” In another variation (series IV, 
XX C, rapid first) it is stated that “sometimes my fingers would 
stick in the middle of a series of dots, and then I set out to finish 
it, but different groups came up and then I was helpless ; couldn’t 
change right off.” 

With subject L Z, it was a case of knowing “I have to move a 


finger, but not exactly the associative arrangement.’ (Series 
IV, 1 XVIII C., slow first). Subject RU 


“Had a number of omissions, and times when I felt helpless 
from lack of gathering myself together. That was, however 
more at the end when I was more fatigued. Then it was just 


as a red group and a green group inhibited each other.” (Series 
III, XVIII B., slow first. ) 


By way of parenthesis, and in order to bring into relief the 
non-inhibitory attitude, let us quote what the same subject reports 
on the second record that morning, i.e., when the same list 
was reversed, requiring the most rapid work first. We should 
expect to find the subject here under the effect of fatigue just 
as he reported it a few minutes before but mirabile dictu he found 
it “very much easier,” in fact, “twice as good” [his objective 
results bear this out. In the first, there were 32 double omissions 
and 7 single omissions for the easier movement, i.e., the middle 
finger, and 48 double omissions and 6 single omissions for the 
more difficult movement, executed with the ring finger, while in 
the second record there were 16 double omissions for the one 
and 29 double and 2 single omissions for the other. | 


“Did first revolution perfectly. Had a number of omissions, 
but no reversals. Easier to start with a color,* I last hit [re- 
acted to] and this is usually red. Tendency to continue a red or 
a green according as I tapped before. While J was waiting dur- 
ing a break, my fingers would react automatically to a dot that 


*It will be noticed that most of the subjects refer to their movements 
always in terms of the stimulus, probably because the movements were varied 


while the stimuli remained the same throughout all the experiments both as 
to form and color. 
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had passed without real apperception. Notice that I reacted only 
after finger was down.” 


The weakening of the determining tendency during inhibition 
is attributed sometimes to faint apperception, but faint appercep- 
tion in itself is already a symptom of inhibition and not a cause. 
The cause lies in a lack of coordination between two impulses 
where the immediate one cannot find a proper outlet because a 
determining tendency presiding over another impulse had in- 
serted itself and had set off a more spontaneous impulse.* 
Meanwhile the apperceptive impulse, i.e., the impulse to react on 
the very stimulus that is perceived at that moment, and which, 
under ordinary circumstances, would be immediately executed, 
is blocked. It is this incident that heightens the state of inhibi- 
tion. The confusion arising from this state may immediately 
lead to a break, with the subject doing nothing and his mind in a 
daze, or else the vague and general determining tendency may be 
present to react somehow. In this state the subjects react at 
random, the stimuli having little or no meaning for them. In 
the former event, the break is much longer, but in both cases, a 
distinct effort must be made anew, as the determining tendencies 
reinstate themselves, and only then is the coordination between 
perception of dots, association of movements and motor ability 
formed again. 

To illustrate from the protocols some of the different stages 
of inhibition together with their antecedents: Subject RO says 


“Felt an impulse to react and there was no outlet. There was a 
perception of red and green, but no apperception. Then my own 
muscular inability saved me, i.e., I took only a certain number of 


the greens. All the difficulty came with the greens” (Series IV, 
1. XX C, rapid first). 


*Cf. eg., “I hit a color I didn’t mean to hit. Internal speech [with the 
first] and in spite I hit the other.” (RU in XXII -‘C, slow first 28”) “Felt 
a clashing of impulses, almost a muscular feeling of pull to keep on striking 
the green that I had been striking.” (SR in XXI C Aux) “Felt an Impulse 
of tumbling over. Stimulus was green, and had the impulse to strike 
red.” (LE in XXI C Aux) “When I hit a wrong key, I instantly see that 
I am wrong, simultaneously with my finger on it, but I can’t help it. Once 


I found myself going wrong, but was helpless and that made me omit the 
next one” (RC in IV, 24”). 
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Subject L E was 


“Worn out half way. Had random tapping. Stimulus not 
apperceived very well. That’s the reason for the random tapping. 
Apperception was only of form not of color . . . one associative 
breakdown, and felt that it wasn’t due to fatigue. I saw it was 
green and saw the red, but my muscles didn’t work correspond- 
ingly, but reversed.” (Series IV, 1 XXII, C, rapid first) “When 
I omit, I see the stimulus, but the impulse is not there, I don’t 


associate the dot with the movement. There is a stupor.” (Series 
II, 1. XVIII A, slow first.) 


Subject LL 


“Suddenly I see I’m wrong. If there are two or three red dots 
to tap and can’t get them tapped before they disappear, I find 
myself tapping with forefinger [easier movement] even when a 
green dot comes. I can’t stop the impulse, once it’s given, and if 
I do succeed in doing it, the result is that I have a motor inhibi- 
tion and can’t do anything. . . . After the motor break there is 
a period when I can’t associate the dots with the movement” 
(Series II, xxi A, slow first). “Realized what I ought to be 
doing, but would go wrong just the same. It comes on in the 
high speed’”’ (Series II, 1. xx, rapid first). “When I can’t keep 
up, there seem to be two difficulties. The one is to alternate the 
impulse, the other is to keep the fingers going fast enough.” 
(Series II, xix A, rapid first). 


Subject LO 


“Confusion brought about because I start to execute a move- 
ment, say with the forefinger, then green dots come up, and I 
either go wrong tapping out the red [with the forefinger] before 


[I change], or else am altogether inhibited and don’t tap at all.” 
- (Series II, xx A, rapid first). 


Subject M L 


“With inhibition, I had a blank, and feeling of futility marked 
by organic sensations and strain in fingers and discomfort in 
hand. Many times I didn’t apperceive the significance of the 
different dots. The association of the movement and the dots 
was lacking.” (Series II, 1. xviii, slow first) “Inhibition would 


follow the conflict between finger work and apperceived dots. 
Prepared for a certain kind of motor discharge, and this worked 


itself out, even though I ought to change.” (Series II, 1. xix, 
rapid first. ) 
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Subject R O 


“Inhibition to-day was on the sensory side. The fast revolving 
dots were not apperceived. Caught up from memory part, and 
part I let go. What I caught up, I reacted to without inhibition, 
and what was seen during the reaction, did not affect me any more 
than it was blank paper.” (Series II, 1. xx, rapid first.) 


Subject SR 


“Inhibition caused by the tendency to alternate from one color 
to the other. Now before I strike up the whole group, another 
group of the same color is seen, and then there is a real conflict 
between impulse to react to present stimulus and that to react 
from memory. This causes an inhibition, a sort of neutralizing 
effect of the two impulses. Then consciousness of confusion; 
then comes the consciousness that I ought to be striking, and that 
memory brings on the unpleasant feeling-tone. During the state 
of confusion, I don’t perceive the dots running by at all. (Series 
II, 1. xxiii, rapid first.) 


Subject V L 


“Not able to stop an impulse when other dots are coming in. 
You know exactly what you ought to do, but can’t help it. Feel 
helpless. Feel as if consciousness had taken in only a fraction 
of the whole. Most noticeable element in the bodily concomit- 
ant of the inhibition is a tetanus. You feel as if you had worked 
harder than necessary. Hands rigid after inhibition. The 
physical concomitant is crampedness and warmth in hand. The 
conscious side consists of overlapping fields of consciousness as 
if the 6 times tapping overlaps with 4 and 2 other coming up. 
It’s a feeling of nothing rather than of something. It seems as if 
the conceptual or perceptual goes off into a physical recognition 
of failure. It’s a finger feeling of failure. (Series II, 1. xxii, 
A, slow first). 


In the accounts of subjects LO, RU, and RO we find a 
description of the more advanced stages of inhibition. The former 


“felt paralyzed just as if I wanted to wake in my sleep. Upward 
motion very fatiguing. Had a feeling of powerlessness. Was 
almost giving it up.”’ (Series IV, 1. xxc, rapid first). 
In the second record he 

“was dazed and simply alternated at random.” 

In another record he thought 


“it was all random tapping. 3 or 4 times I thought I’d give it 
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all up. Complete inability to follow the stimulus. Plenty of 
muscular inhibition. Also associative. The whole thing was too 
fast. Was so confused that I hadn’t looked at the dots at all’ 
(Series IV, 1. xviii c, slow first). 


And again 


“Very distressing experience. Not quite as fatiguing as be- 
fore. General confusion all around. It isn’t confusion in intel- 
ligence. It’s confusion in volition” (Series III, xv B, slow first). 


Subject RO gives a more definite account of the different 


stages of inhibition that he experienced. Once (Series IV, I. 
xx c, rapid first) he reports. 


“One blank space owing to muscular fatigue. Inability to 
react for one group lowered my tonicity. The whole motor 
tonus was so low that I couldn’t react, although the association 
was there, but less vivid.” 


Further (Series IV, 1. xxi c, slow first 

“Instructions less definite in my mind. Instructions took on 
the form of ‘Move’ rather than ‘move in a certain way.’ Every- 
thing obscure, then. . . . Less effort to apperceive distinctly.” 


Early in the year this subject had marked off three stages of 
inhibitions where the first began with a “tendency to alternate 
with increasing speed’’; the second stage, “when I did not com- 
plete the movement”; and in third stage “I simply did nothing, 
i.e., | wasn’t tapping. That happened only once’ (Series I, 1. vi, 


slow first). The movements in that series were the vertical and 
the lateral reactions. 


We find another version of this stratification. One protocol 
has the stages classified after this fashion: 


(1) “When I try to finish up from memory,’ (2) “When 
new dots crowd out the old, and I allow myself to be distracted,” 
(3) “A jumble when there is a batch of green-red and red-green 
with no definite number in group. Then there is a tendency to 
alternate [blindly]. (Series II, 1. xvi A, rapid first, 28.’’) 
From the point of view of control, the stages are given as 

(1) “perfect control,’ (2) “when reacting from memory 
crowds out the new ones [stimuli],” (3) “when the new stimuli 


crowd out the old stimuli,” (4) “‘complete confusion.” (Series 
IJ, xvii A, slow first). 
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The week after, he states: 


“Didn’t feel the four stages as last time. As soon as I felt the 
lack of control, there was a tendency to relax. As soon as 
memory images faded out, I let the whole thing slide until I 
could get another grip. As for inhibition itself, there was a 
decided sensory inhibition when I was trying to catch up from 
memory. ‘Tendency to continue the same [scheme of] move- 
ments when I lost the sensory cue and was tapping at random.” 
(Series II, xviii A, slow first). 

Of a more serious kind is the point 


“of inanition when I saw the thing going by and couldn’t 
catch up. It was no conflict of the one inhibiting the other, but 


the whole impression was inhibitory, where I couldn’t respond 
at all.” 


With the increasing difficulty of the variations, the latter type 
of inhibition occurred more frequently, while the milder form 
came out in several new ways. Towards the end of the year, with 


the most difficult movements of all the series (upward and down- 
ward reactions), he reported 


“A less advanced stage of inhibition centered round the red 
(downward movement). Red so easy that I let it take care of 
itself, and attention was centered on the green (upward or ex- 
tensor movement), so that whenever in doubt, I got to the upper 
and shunted off the lower” [confirmed by the objective results]. 


The more deep-seated kind consisted of a 


“type of general inhibition when I even lost the determining 
tendency. Saw the thing going round, and the only mental 


counterpart was the unpleasant feeling that I should have been 
reacting.” 


A. RETROACTIVE INHIBITION OF DETERMINING TENDENCIES 


On examining the foregoing and other accounts, there can 
be no doubt that the principle or law of retroactive inhibition* 


* On first thought the term retrograde inhibition might appear a:ore appro- 
priate in this connection than the designation retroactive inhibition, but on 
careful analysis it will be seen that, as in the case of memory, the cause of 
the decline is the increased burden of the task. In the memory experiments 
of Miiller and Pilzecker this accumulating impediment was the nachgeschickte 
Tatigkeit; in our problem it is the increased speed, the sustained effort and 
concentrated attention taxing the reactive functions of the subject as the 
work during the sitting progresses. 
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is Operative in the interference of will-impulses just as it is a 
factor in the interference of associative and reproductive ten- 
dencies. The application is somewhat different, however, in our 
experiments. IJt is the most specific determining tendency that ts 
the first to wane in inhibition. Speaking more concretely, the 
course of inhibition may be traced as follows: instead of execut- 
ing a particular sort of movement at the moment a particular 
stimulus is perceived, which would be the tendency operating if 
everything went without a hitch, the subject is pulled in two differ- 
ent directions with the result that (1) the most specific determin- 
ing tendency, just because it depends entirely on the momentary 
coordination between eye and finger, loses its hold on him. What 
happens next? The subject has not stopped reacting. The 
Aufgabe is still before him, and that too in a specific form. He 
may omit a movement here and there. His reactions may be 
retarded, and he may be occupied partly in catching up with a 
group that had just passed by; (2) nevertheless he still associates 
the red stimulus with one type of movement and the green with 
another, and proceeds, amidst occasional omissions, to execute 
these movements. In this stage, there is no synchronous coordi- 
nation between stimulus and reaction. The muscles cannot obey 
the impulse quickly enough, and as other impulses keep rushing 
on, some of the movements naturally remain unexecuted. Hence 
the subjects refer to this sort of inhibition as “muscular” or 
“motor.” 

The next step is somewhat of a digression. At least it forms 
a dividing line between the foregoing stage of inhibition and the 
following stages. When the subject reacts with one sort of 
movement to a given stimulus and with another kind of move- 
ment in response to a different stimulus, but has at the outset lost 
the proper association, he is still performing his task, though the 
details of the instructions are not clearly in mind. y There is 
still a tendency to correlate a change in color with a change in 
movement. The correlation extends also to the number of the 
stimuli. Thus we see a certain amount of association is involved 
in reversal, but it is not an association that requires very much 
attention. Ordinarily, the subject is not aware of any inhibition 
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during reversal. In fact his mind is scarcely on the work, except 
in a marginal way. It is only when he catches himself reversing 
that he becomes inhibited. With some subjects reversal is very 
rare. 

We now come to the more advanced types of inhibition. As 
the difficulties increase, the subject becomes less and less aware 
of the meaning of the stimuli, but there is still (4) a tendency to 
react, even if it is “wild tapping” as one subject expressed it. 
This random reacting shows, at any rate, that the Aufgabe is 
still influencing the subject; and the fact that, though carried on 
regardless of the stimuli, it includes alternation and is not con- 
fined to striking simply one key bears evidence that the determin- 
ing tendency presiding over the alternation of movement is not 
in abeyance. Lastly we come to the stage when the subject’s 
mind is cognitively®* almost a blank. (5) There is no action at 
all, and whatever mental content is present belongs to the affective 
sort (perhaps a complex of feeling-tone, Bewusstseinslagen and 
emotion). 

If on the basis of this analysis we were required to label the 
different determining tendencies for convenience sake, we should 
name (1) the most specific of these—the coordinative determin- 
ing tendency, then in the order of their disappearance, (2) the 
apperceptive,* (3) the correlative, (4) the perceptive and (5) 

%3 This word is used here advisedly, for the writer is of the same opinion 
as CoLvin who maintains that the degree of cognitive clearness does not go 
hand in hand with the degree of affective intensity. To him they are 
rather mutually exclusive. At least, the one is in the focus while the other 
is in the background of consciousness. Too often we are prone to mistake 
indefiniteness and vagueness for absence. There may or there may not 
obtain that see-saw relation between the cognitive and the affective in con- 
sciousness, but of one thing we are certain, viz., that clearness or definite- 
ness is not our only indication of the presence of mental content. But cf. 


Cotvin’s illuminating treatment of the cognitive and affective elements in 
attention in The Learning Process, pp. 255-259. 

%4 There are a number of psychologists who avoid the term apperception 
because of its speculative coloring, and as they find it evidently difficult to 
replace it entirely by the word perception, they employ the term “appre- 
hension,” which in the opinion of the writer is much less satisfactory than 
apperception. Let it be stated here that “apperceptive” as used here refers 
not only to the perception of the stimuli, but to their meaning as calling 
for a definite response. 
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the executive determining tendency. When all of these are in- 
hibited, the Aufgabe may still be said to be present in the negative 
affective tone which accumulates with the increasing inhibition. 


B. AFFECTIVE TONE AND ORGANIC CONCOMITANTS OF 
OF INHIBITION. 


The affective complex connected with the inhibition may vary 
from a feeling (or Bewusstseinslage) of resignation to the 
emotional touch of shame and self-depreciation. It must not be 
understood that there is a feeling-tone with inhibition only. 
Throughout the work there are all sorts of affective complexes 
with most of the subjects, but they become most marked during 
the inhibitory state, and tend to prolong this state. It is difficult 
to separate out the various elements of the affective complex 
which comprises generally organic sensations as well, but the 
protocols contain a large number of references to “sinking feel- 
ings,” ““feelings of ostracism, of dissatisfaction, discomfort, of 
relief, suspense, paralysis, confusion, resignation, distressing ex- 
perience, shame, anger, impatience, disgust, irritation, and 
despair,” besides those put in the form of a metaphor. 

The organic concomitants of inhibition are of greater interest 
to us, because they help to throw some light on the question as to 
whether inhibition is a positive or a negative state, i.e., is it 
marked by certain features of its own, or does it become known 
by the absence of these features and by a suspension of previously 
experienced activity. Introspection points to the former hypoth- 
esis as the true one, though we must be on our guard against 
considering all of the affective complexes and organic sensations 
as counterparts of the inhibitory state. Some of them may be 
antecedents, others may be the effects of the inhibitory conscious- 
ness. To determine the time-relation with anything like pre- 
cision, it would seem to us, is an impossibility, but since no ele- 
ments other than these were observed by the subjects, one is 
justified in tentatively building up the state of inhibition out of 
these various complexes, some of which have already been cited, 
and others (organic sensations and complexes) are to follow. 








THE INTERFERENCE OF WILL-IMPULSES 95 


To begin with, strain sensations and tension in fingers seem to . 
be general with the subjects, often developing into fatigue. 


“Feel kinaesthetic sensations; line of tension from wrist to 
forearm and sensations of a similar quality behind the neck and 
verbal commentary that those sensations were there.” (LO in 
xxiii C. Aux.) “Noticed a great deal of tension. Thing most 
prominent was effort to make finger move at all” (LL in xix C 
aux.). “Aware of muscular sensations. Had inner speech” 
(RU in xix C aux.). “Organic sensations in lower part of 
abdomen. Impatience and tendency to jump up and hold back 
the dots” (A B in xxi C.) 

“Aware of only organic sensations. Experienced tightness in 
chest and breathlessness just as when you feel that you are in a 
tight fix and had to do something you can’t do; and something of 
the same tension in fingers. Peculiar feeling of tension about 
forehead.” (LOin xxi Baux.). “Feeling of tension. Kinaes- 
thesis in general, but more localized in arm and back of neck’”’ 
(RO in xxiCaux.). “Feeling of tension of upward movement. 
. . . Attitude becomes more tense, rigidity in back” (ML in 
xxiii C aux.). “Had attention on finger and kinaesthetic feel- 
ing. First apperception, and then dot wouldn’t associate with the 
movement. The only way to do is then to stop. Then fully con- 
scious of movements down the body through the fingers.” FG 
in xviii A). 

This leads us to another important point, viz., the diffusion of 
the impulse and the resulting phenomenon of what we should 
call 


SYNKINESIS. 


The term as employed here includes not only actual movements 
of other parts of the body than those necessarily involved in the 
performance of a given reaction, but also kinaesthesis in such 
other organs. 

The spread of the motor impulse has been observed by numer- 
ous investigators in various connections. Ener,” as early as 
1873, notes the spread and intensification of the motor impulse 
under excitement, with the result that the reaction-time of the 
subject is shortened. W. W. Davis” has found that activities 


5 Exner: Experimentelle Untersuchung der einfachsten Psychischen 
Prozesse. Archiv f. die gesamte Phys. (Pflueger) vol. VII. ’73, p. 6109. 

96 W. W. Davis: Researches in Cross-Education. Studies Yale Psycho- 
logical Laboratory VI, pp. 48 and 49, and VIII, pp. 106 and 107. 
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involving certain muscles are transferred to other muscles, and 
uses these results, along with those of other investigators, to 
prove the possibility of transference in training. Wéissler and 
Richardson” give an account of some experiments “with these 
diffused movements in normal unfatigued activity of the arm 
muscles” from which they infer that “diffusion takes place in 
both inward and outward directions’ Féré*® has collected a 
number of facts, both from his own results and those of others, 
to show that the exercise of a specific set of muscles affects other 
members of the body as well, and to some of these phenomena 
that are characterized by great agitation generally, he applies the 
term “ivresse motrice.”**? In LANGFELD’s work on finger move- 
ments, the spread of the impulse is marked by the tendency to 
move the neighboring finger when the extensor muscle of the in- 
dex finger is innervated.” 

It is not necessary to dwell any longer on the literature on this 
subject. That the motor impulse spreads under certain condi- 
tions is an established fact.**? It has been demonstrated in differ- 
ent phases of muscle-activity, but so far as the writer is aware, 
it has not been connected directly with inhibition.** A faint sug- 
gestion in that direction might possibly be had in T. V. Moore’s 
“Study in Reaction Time and Movement,” Psychological Review, 


97C. W. Wissler and W. W. Richardson: Diffusion of the Motor Im- 
pulse. Psychol. Review, vol. VII, 1900, p. 29. 

98 Loc. cit. p. 35. 

99 Ch. Féré: Travail et Plaisir. Chaps. XXVIII and XXXI. 

100 Loc. cit. Chapter XXVII. 

101 HH. S. Langfeld: Facilitation and Inhibition of Motor Impulses, Psych. 
Review, XXII, 1915, p. 472 and p. 474. 

102 MUENSTERBERG in his discussion of Mitbewegungen (Beitraege zur Ex- 
perimentellen Psychologie, Heft IV, p. 192 ff.) does not question the occur- 
rence of irradiation, but’seems rather to accept it as a matter of fact. What 
he does contend against is the exaggerated doctrine of symmetrical bilater- 

ality as an original and universal tendency. 

'  1083Cf, also Jupp, McAuxister and Steere (Analysis of Reaction Move- 
ments. Psych. Review, Monograph Supplements, vol. VII, 1905-06) who 
explain preparatory antagonistic reactions, i.e., the tendency on the part of 
the reagent to press down the key suddenly before releasing it—a phenome- 
non already reported by W. G. Smith in Mind N. S. XII, 1903,—by at- 
tributing it to motor diffusion. (loc. cit. p. 166, 182-183.) 
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Monograph Supplements, vol. VI, p. 59. “For a slower move- 
ment . . . dissipated along the wrong paths.” 

In presenting the following excerpts from our protocols, we 
shall have to view the matter from a somewhat different angle. 
The question before us is whether such synkinesis is an asset or 
liability to the reagent? Most of the cases that have been cited 
in the literature tend to prove that synkinesis is facilitatory; and 
it is conceivable why that should be so in a great many instances. 
But we must not infer that synkinesis exercises invariably a facil- 
itatory influence over the members or muscles actually involved 
in the activity. Sometimes the spread of the impulse and the 
resulting general excitement are symptomatic of the inhibitory 
state and the tension and strain connected with the work, e.g., 
when there was 


“a great deal of excitement, breathing faster, general tension in 
left foot and arm [ipsilateral] general tension in right hand and 
some movement [contralateral]. A lot in feet. Tendency to run 
wild, go up and down and lose counting. Speed was too strong. 
Have spoken of having tension in right arm before, but it was 
more pronounced this time” (L L in xxiii C aux.) 


Sometimes a transference of this sort did not go together with 
great excitement, and probably betrayed a tendency to rest he 
one hand and try the other for some time, hence there was 
“kinaesthesis in forefinger of other hand” when “muscles would 
go only as fast as the slower rate” (R U in xxiii C). 

“Rigidity of forearm, extreme fatigue, and tension in left 
arm. Found my right arm in sympathetic rigidity and sympa- 
thetic tapping. General stiffness all round body.” (L V in 
xviii A). 

It is quite different, however, with subject R O who reports a 
sort of paralysis of will when he couldn’t react and 


“Instead of a definite specific movement, there was as a result 


a diffuse general movement over the body. Finally I jumped up 
from the chair.” 


The diffusion here was undoubtedly due to inhibition, and far 
from facilitating the proper movements, it all the more interfered 
with their rapid execution. For it stands to reason that while a 
certain amount of general excitability may increase the work- 
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power of a particular set of muscles, the general diffusion of a 
specific impulse over various channels not directly related to the 
muscles actually engaged must lessen the effectiveness of the 
latter. 

One subject (S R) was observed to mark time with his right 
foot while striking the keys. This type of synkinesis seems to 
be a rhythm phenomenon and was performed unconsciously. 


CuE OF MOVEMENT. 


With regard to the role of imagery in the initiation of move- 
ment and general guidance during the work, there are good rea- 
sons for supposing that nearly all, if not all, subjects resort to 
images of one sort or another, mainly kinaesthetic, while per- 
forming their finger movements.*** In many instances kinaes- 
thetic images and sensations were all the subjects were aware of 
at the moment the cylinder stopped revolving, and they were 
asked, in accordance with previous instructions for momentary 
introspection. In these momentary introspection tests only three 
subjects omitted to say anything about images, two of them doing 
the poorest work of all. 


Some of the references to imagery recorded in the protocols 
follow below. 


Subject F G 


“Inner speech or kinaesthesis meaning ‘right’ ‘left’” (xx A). 
‘‘Kinaesthetic feeling of red with down [movement]. Fusion of 
green with kinaesthetic feeling ‘up,’ meaning ‘all right’”’ (xix C 
aux.). “Perceiving the green dot and kinaesthetically per- 
ceived the movement for it and corresponding with red, and 
satisfaction with it’ (xxi C aux.).) ‘“Kinaesthetically made 
[initiated?] movement which meant red down” (xxiii C aux.). 


Subject L L 
“Towards end I had some false anticipations, sometimes I 


would be right, but many times wrong. I get it from memory. 
Partly visual and partly kinaesthetic in fingers and organic” (xix 


104 Cf. H. S. Lancretp: Voluntary Movement under Positive and Nega- 
tive Instruction, vol. XX, 1913, p. 473 and also J. C. Barnes: Voluntary 
Isolation of Control in a Natural Muscle Group. Psych. Review, Mono- 
graph Supplements 93, pp. 42-43. 
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B). “Had kinaesthetic memory of the dots, but not correct all 
the time. Felt it in my fingers, so that I would not react all the 
time upon what I saw. This is not mechanical rhythm simply, 
because I felt what was coming. This stood in good stead when 
eyes grew fatigued. Had however no idea of numbers in this 
imagery’ (xiv B). ‘“Kinaesthetic imagery here too. .. . This 
imagery helped me to read the dots better” (xv B). “Tilting 
of head and vague inner speech goes with different impulses” 
(xix A). 

Subject L O 


“Saw red coming and was preparing for red saying to myself 
‘2 red’”’ (xxi C aux.). ‘Tension in fingers and verbal affair in 
mind. Some joke in margin. . . . Have visual-kinaesthetic im- 
ages of up and down” (xix C). “Verbally saying to myself what 
comments I should give when stopped. Internal speech always 
accompanies my work.” (xxi B aux.) “Verbal commentary. 
Phrases like ‘that’s rhythmical,’ ‘that’s pretty good’ and so on.” 
(xxiii C aux. ) 


Subject M L 


“Feeling of tension of upward movement. Just about to 
strike for green, i.e., muscular sensation was in forefinger mean- 
ing upward movement.” (xxiii C aux.) “Tension in fingers and 
preparedness to go on when I| was stopped” (xxi B aux.). 


Subject R O 


“Clue to the movement is kinaesthetic image of movement” 
(II, 15’). ‘‘With the tapping of the down, there was a coincident 
getting ready, a premonitory feeling of the next perception. 
While the green was in the periphery, the getting ready [for it] 


was in the organic background, but can’t localize it” (xxiii C 
aux. ). 


Subject R U 


“Counted internally 1 — 2— 3 as you stopped me.... Re- 
member the greens and reds in motor terms of position and as I 
tap them I count them. It seems as if I don’t memorize the color, 
because I didn’t say ‘3 red, 3 green,’ but ‘3 of this’ and ‘3 of 
that.’ (xxi B aux.) ‘“Kinaesthetic sensation from the red I 
was tapping and perception of a green. Internal speech of 
‘green, and something like a kinaesthetic-visual image of my 


finger going up, localized in right place. Hadn’t yet reacted” 
xxi C aux. ). 
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Subject V L 


“Know that I have tapped correctly by auditory memory. 
Haste or trepidation will destroy the after-image of the count, 
and the consciousness or feeling of pressure” (xxiii C). “There 
were three sets of elements: (a) visual of red and of green, (b) 
multiplication—auditory imagery, also verbal and kinaesthetic, 
(c) association of red with forefinger, association of green with 
middle finger. Now in consciousness any one of these six classes 
might be prominent.” 

The reference here is evidently to the foreperiod prior to making 
the movement. 


Subject LZ stated merely that red meant to him “down,” 
while green meant “up.” He told, however, of having internal 


speech (saying to myself ‘2 reds’”), but did not speak of any 
other imagery. 


RECOVERY. 


Imagery is also serviceable in the final readjustment after 
inhibition. 

“To get right again, I must recall the foreperiod again” (F G 
in xviii A). “When starting anew, inner speech would reinforce 
coordination” (RU in xvi A). “In the blind tapping there is 
at least this central: that there is a tendency to break away from 
it. I recognize that I am wrong. It may be a verbal statement 
or auditory imagery (L O in xxi A). 

Inner speech is sometimes resorted to as a protective measure to 
ward off an imminent break. Thus: 

“T felt that my control was not equal to the task. I saw the 
dots, but couldn’t hit them.” Inner speech came in then” (RU 
in xvii A). “Inner speech . . . most pronounced when the 
dots are thickest, [i.e.,] where there is greater speed required. 
Say ‘3 red, 2 green, 3 red’ etc.” (LZ in xxi A). 

There are other accounts of recovery in which imagery is not 
explicitely reported, but where the presence of some imaginal 
content may well be suspected. 

“After the motor breakdown,” says subject LL, “there is a 
period when I can’t associate the dots with the movement. But 
gradually the association comes back again.” (xxi A). 

But how? He says further that there is some 


“feeling connected with the building-up—a feeling that it’s all 
right.” 
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But this feeling need not be devoid of organic and kinaesthetic 
elements in general. There is the same inadequacy in the de- 
scription of subject LE, who says that after an associative 
stupor 

“T feel the gradual building-up of association” (xviii A). At 
the same time it may be assumed that the associative recovery 
and the motor recovery are not simultaneous, that the former is 
prior to the latter, and that imagery might go with the one and 
not with the other, or at least that it might be more difficult to 
detect in the one than in the other. 


MoOMENTARY INTROSPECTION. 


The momentary introspection tests which were adopted as 
auxiliary means to facilitate analysis revealed some interesting 
facts. Some of the results have already been cited under separate 
headings, but it would be tedious to have an exhaustive index 
of all the details that were observed by the subjects during the 
working period. Generally the momentary introspection test 
brought out the mental content of the moment only at which the 
work was abruptly stopped. In some cases, however, it would 
seem as if the very abruptness of the stop served to stimulate 
introspection. The introspective account does not even here 
necessarily cover the whole working period, but may be confined 
to a single moment or two. That moment, however, is closely 
analyzed and is typical of a great many moments of the working 
period. A few miscellaneous quotations from the protocols will 
show the value of such a method. 

“T had just made a downstroke. I had a general idea of reac- 
tion, but not of a specific reaction. Consciousness that I had re- 
acted to a red, and started on some reaction, but it was only after 
you stopped me that I saw it was green. You stopped me just 
as I ended the red” (RO in xxiC). “Feeling of tension of up- 
ward movement. Whether I tapped or just about to, I don’t 
know. Impulse = perception of dots + general feeling of ten- 
sion. The general feeling of tension has discriminated parts, 
sometimes meaning red and sometimes green. No instruction 


before me in words, but a general attitude. In rapid tapping, 
attitude becomes more tense, rigidity in back. When things go 
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wrong, the attitude is the same, but in going more wrong there 
is a tendency to relax and the instruction which is the attitude 
changes.’ (ML in xxiii C) “‘I tapped a green just when I 
should have tapped a red. I tapped 3 greens and observed red, 
but then greens came up and was going to tap the red [that 
just passed], but the greens took up my impulse. A little an- 


noyed” (F Gin xxiii C). 
The occasional inability to stop immediately after the signal 
is observed is something that impressed the subjects considerably. 


“You got me in down flight, and even after you stopped me, 
I made a down movement. ‘Go ahead’ in consciousness” (RQ). 


“Saw red and green after [apparatus] stopped, but couldn’t stop 
immediately. Finished it up” (LE). 
Subject L Z said once he stopped immediately when his finger 
was seen fluctuating for some seconds after the signal was given. 
At another time, however, he said his finger was already starting 
to move after he was supposed to have stopped. 

It is evident that it takes a distinct effort to stop at a given 
moment, just as it takes an effort to switch over from one key to 
the other in accordance with the impulse to do so. 


There is a certain amount of inertia to overcome in both 
cases. 


CHAPTER VIII. 


[INDIVIDUAL DIFFERENCES. 
I 


That there would be marked individual differences in the 
mode of reaction to the whole situation can easily be expected 
from an experiment such as the one under discussion. The 
movements in the response were simple, and yet, judging from 
the results it is evident that a number of possibilities are open 
even in a simple task—simple but difficult, on account of the 
time consideration. There is scarcely any doubt that this latter 
element was instrumental in bringing to light many individual 
differences that would otherwise have remained latent, just as in 


actual life, it is under conditions of strain that a person’s charac- 
ter gets to be known. 
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Group DIFFERENCES OR TypPEs.*” 


In general, most of the subjects fall into two distinct groups 
in respect to several tendencies, and there is reason to believe that 
these various tendencies are not totally disconnected. An inde- 
terminate or intermediate group is made up of those who do not 
show any pronounced leanings in their methods or who vacillate 
between two extremes. The subjects included under this group 
are few as compared with the others; and as a rule, even the 
most indeterminate or most inconsistent behavior bears the ear- 
marks of some sort of affiliation with the one group rather than 
with the other. 

1. The most elementary division is of course that of (a) quick 
and (b) slow reagents. All of the quick reagents had had some 
practice with musical instruments or in typewriting, but since 
one or two among the slow reagents had also had training of this 
sort, we must conclude that finger practice is not the sole deter- 
mining factor of the reagent’s speed. Most probably other varia- 
bles entered in as well—these depending on the individuality of 
the subject. Those of medium speed may be grouped apart.*”° 

2. The next most salient divergence, and one less obvious, is 
that between (a) the confusers and (b) the omitters. The 
former seem to lay most stress on speed. Their omissions do not 
extend over large stretches, but represent solitary spots here 
and there, while the latter, when hard-pressed, stop working for 
10, 15 or even 20 seconds. They have this advantage, however, 
that they very rarely make a reversal and never carry on any 
random tapping. Confusion for them is immediately followed 
by a complete break in motor activity. The confusers, on the 
other hand, do not stop until they regain their full associative 
clearness, but keep on reacting incorrectly for some time. 

It is noteworthy that the omitting group is made up of the 
slowest reagents, while those who do the rapid work are given 


105 SterN’s moderate view and broad definition of “psychological type” 
would obviate such objections as TuorNpiKe’s. cf. STERN: Differentielle 
Psychologie, chap. XII. 

106 Cf, O. OrHrRN: Experimentelle Untersuchungen zur Individualpsy- 
chologie, Kraepelin’s Arbeiten, vol. I, p. 146. 
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to confusing. The one who seemed to disregard the stimuli 
most was the one who did the most rapid work. In many 
records he actually made more movements than the stimuli 
called for, but a considerable percentage of these movements 
were wrong reactions. The evidence, in general, seems to point 
to a certain correlation between quickness and the tendency to 
confuse, on the one hand, and between slowness and motor in- 
hibitability, on the other.*” 

The question naturally arises as to the grounds upon which we 
judge a subject to be slow or quick. Is it on the basis of the 
actual number of movements? Then is it not a rather circular 
procedure to say that the omitters are the slow reagents? For 
had they chosen to make mistakes rather than to omit when con- 
fused, they would likely be classed with the quick reagents. 

To be frank, the writer sees no way out of it, as the different 
tests that were given the subjects do not reveal any clear-cut 
index of their quickness to react in a given situation. In the 30 
second tapping test, some of the slowest subjects manage to make 
a high mark, while in the “spontaneous record” test, the slowest 
subject takes the second rank as to the number of reactions per- 
formed. All this goes to show that tapping ability is quite a 
different thing from the ability to react quickly under interfer- 
ence conditions; and when a subject is here spoken of as being 
slow or quick, the reference is to his speed under pressure and 
against time. 

The writer does not wish to convey the perfectly obvious idea 
that those subjects who are given to omitting will be regarded as 
slow reagents, but rather that those who are slow to react upon 
a situation such as we are dealing with are the ones to be affected 
by interference conditions in such a way as to have long inhibi- 

107 Several attempts have been made to correlate personality with the speed 
and energy of one’s movements. That of Perez is probably the most note- 
worthy. His belief was that personality depended upon the degree of 
quickness or slowness combined with the degree of energy an individual 


is endowed with. (B. Perez: Le Caractére et les Mouvements, Rev. Philos., 
XXXI, 1891, p. 50. 
For a classification of temperaments based on the subject’s celerity of 


movement, cf. also W. W. Davis: Researches in Cross Education, Studies 
Yale Psych. Lab. VIII, pp. 85 ff. 
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tions during which their activity is completely paralyzed. The 
two propositions are certainly not identical in significance. The 
point does not hinge on the degree of omission in either of the 
two groups, but on the fact that we are dealing with two differ- 
ent types of people characterized by two different tendencies. 

3. (a) Equalization and (b) undulation form another set of 
differences, i.e., some subjects show a tendency to attempt every 
group of stimuli, while the reaction method of others presents 
crests and nodes. One group will be tapped out completely, 
while another group is allowed to pass without the least response 
to it. The subjects who follow the first method tend to equalize 
the groups. Their efforts are more distributed, while those who 
are inclined to complete a whole group before they pass on to 
another, show a tendency to favor the larger groups and omit 
isolated dots. Here too there are signs of correlation, the omit- 
ters corresponding to the undulators; the confusers to the 
equalizers. 

4. As to the manipulation of the groups, it has already been 
stated earlier that the method varies not only with the subject, 
but with the situation. The rule is to group the dots, but several 
subjects, at times, reacted to the dots individually, relapsing to 
the grouping device whenever they found themselves hard- 
pressed for time. One subject was inclined to react to the dots 
individually most of the time, while two others not only grouped 
the dots, but, at the high speed, grouped the groups. 

5. An interesting individual difference was brought out by the 
way in which preference was shown for either the ascending 
rate or descending rate of speed. Some—and these were the 
quick reagents—liked to begin with the most difficult end of the 
list first so that they could relax afterwards. Others, represent- 
ing the slow reagents, preferred and did much better when the 
arrangement of the stimuli called for a gradual speeding-up. 
That this division is, in the last analysis, not due to actual indi- 
vidual differences, but is dependent on the relative difficulty of 
the rate, to begin with, will be explained in the section on appli- 
cations to education and pedagogy. 


6. There is still to note that the gradual change of speed does 
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not affect all subjects in the same way. With the majority there 
is a tendency to speed up and to slow down pari passu with the 
rate. Subject LV who is the quickest reagent finds it difficult 
to slow down after starting out at full speed. The slow reag- 
ents, on the other hand, hardly ever speed up. Two of them, 
TR and TT, keep a steady pace or nearly so all through the 
record, while two others, SR and ZB, actually do less work at 
the high speed than at the slow rate. This falling off, in their 
case, is due to the long inhibitions that come over them, during 
which their activity is brought to a standstill. It may be added 
too that the quick reagents find it more difficult to stop the mo- 
mentum of a given impulse than the slow reagents; also that 
single reactions occur much more frequently in the records of 
the former, while the latter follow more closely the instruction 
to react twice for every stimulus. 


B. INpDIvIDUAL CHARACTERISTICS. 


The differences that have just been discussed are really group 
differences rather than individual differences, though usually 
spoken of as such. To be sure, we must not assume that every 
single subject will display entirely different tendencies. A mani- 
festation of individuality to that extent would be too much to 
expect at present even from the minutest study of individual 
differences. For the time being, it is sufficient to classify a body 
of subjects according to type, with the understanding that within 
a given group, the subjects will differ amongst themselves in 
degree. 

But this in itself already constitutes a basis for further an- 
alysis. Moreover, the particular combination of tendencies 
serves to single out the individual from amongst his group; and 
in this way we can make, at least, a superficial examination of 
every subject individually. The individual remarks to follow 
are an epitome of the series of observations recorded by the ex- 


perimenter as a supplement to the computations and introspective 
protocols. 











THE INTERFERENCE OF WILL-IMPULSES 107 


REMARKS. 


Subject FG 


Quick reagent. Uses kinaesthetic imagery almost exclusively. 
Given to reversals. Takes task most coolly. Reacts with at- 
tention in the margin. Least inhibition. Shows greatest ten- 
dency towards compensation as well as lapsing into single re- 
actions (instead of double ones). Attempts every group. Pref- 
erence for easier movement less decided than with other sub- 
jects. Shows evidence of rhythm by recurrence of same mistakes 
in succeeding revolutions. 


Subject GD 


Medium speed. Imagery, kinaesthetic and visual, confuses 
somewhat, and experiences a great deal of sensory inhibition. 
Compensation marked. Breaks down at about the same spot in 
each revolution. Repetition of former errors. Work regular 
and tendency towards rhythm. Thus if subject once starts on 
an odd number of reactions, he will keep on tapping an odd 


number for some time. Lays emphasis on group, but changes 
his method to suit conditions. 


Subject LE 
Medium speed. Kinaesthetic Imagery. Given to compensa- 
tion. Tendency to make up in slow part for loss at high speed. 
Favors rhythmic movements. Tendency to make an odd num- 
ber of reactions. Frequently makes superfluous reactions. Nu- 
merous reversals and confusion. 


Subject LL 


Somewhat slow reagent. Mixed type of imagery with voco- 
motor and organic elements prominent. Synkinesis and com- 
pensation much in evidence. Movements irregular. Picks up 
towards the end of the work. Leaves the last part of the one 
revolution so that he could start well on the next revolution. 
Shows signs of “nervousness” and fumbling in his movements. 
Affective tone pronounced. 


Subject LO 
Speed medium. Visual and voco-motor imagery and some 
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auditory also. Does uniform work, but affected greatly by in- 
hibition. Blind tapping, yet manages to maintain a certain order 
(rhythmic?) during such reactions. Slurs the single stimuli for 
the sake of the groups, yet does not complete the whole group. 
Noticeable compensation and some transposition. 


Subject LV 


Quickest reagent as to output of work. Auditory imagery 
predominant, also voco-motor and kinaesthetic. Gets after- 
images of green stimuli (—more difficult movement). A great 
deal of confusion and blind tapping. Far greater innervation 
than necessary, especially at high speed, with the result that there 
were more superfluous movements than omissions. Emphasizes 
odd number, tapping three times instead of twice for one stimu- 
lus, 5 times for 2 stimuli, and 7 times for 3 stimuli. Work un- 
even, strokes on kymograph at various distances apart. Repeats 
former mistakes. Much compensation and synkinesis. Most of 
confusion occurs with the more difficult. With practice, the in- 
nervation becomes less exaggerated and more normal, insuring 
greater accuracy, but causing more omissions. 


Subject LZ 


Slowest reagent. Visual type. Some voco-motor imagery, 
but no kinaesthesis otherwise. Simply omits, but does not con- 
fuse. Scarcely any single reactions. Sticks entirely to the instruc- 
tions asking for a double reaction. Additional taps very few. The 
group is for him important; hence he favors the larger groups 
and those he reacts to he completes. Long inhibitions coming 
on periodically. Compensation, transposition, and other tenden- 
cies of a spontaneous or mechanical sort not found. Gains a lot 
by practice. 


Subject ML 


Most indeterminate subject. Oscillates between quick and 
slow type. Imagery visual-kinaesthetic with organic elements. 
Changes his method frequently. At times, is given to making 
reversals; at times, he simply omits, but does not allow himself 
to be confused. Consciousness centred around more difficult 
movement. Compensation tendency slight. Strokes on record 
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point to regular work. Lapses frequently into single reactions 
and occasionally resorts to blind tapping. 


Subject RO 


Quick reagent. Kinaesthetic imagery. Energy or innerva- 
tion increases and decreases gradually with rate of stimuli. 
Lapses into single reactions when rushed. Tendency to make 
up in slow period for the loss during high speed. As a rule, at- 
tempts every group. Determination and effort shown by motor 
diffusion throughout body. After very strenuous work shows a 
sudden breakdown. Then after a period of omission, he begins 
well afresh. Centres attention around the stimulus correspond- 
ing to the more difficult movement. Lets the other take care of 
itself. Does very regular work. Compensation tendency very 
slight. 

Subject RU 


Quick reagent: voco-motor, kinaesthetic, and visual imagery. 
Combination of automatisms—(a) must struggle against ten- 
dency to continue making the same movement. During slow 
part, spontaneously adds reactions while waiting for next group 
of stimuli. (b) Breakdowns seem to be periodic—one long one 
at the middle of the revolution and a shorter one towards the 
end. (c) Occasional rhythmic stretches, e.g., 2a, 2b, 2a instead 
of 2a, 1b, 3a. (d) Repeats mistakes of former revolutions, and 
sometimes seems to mechanize a certain arrangement regardless 
of the actual stimuli. In xxii B an additional single tap is found 
at the same place in 4 different revolutions. Compensation ten- 
dency slight, but presents a few cases of transposition. Of the 
quick reagents RU is the one least given to lapsing into single 
reactions. Confusion comes in with the more difficult move- 
ment, only very rarely with the easier one. Tends more than 
the others to react from memory, i.e., tries to catch up. Does 
not attempt every group as the other quick reagents, and slurs 
an individual dot for the sake of completing a group. 


Subject SR 


Next slowest reagent. Never reports kinaesthesis and is prob- 
ably of the visual and auditory type. Does not speed up with 
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an increase in the rate, but keeps a steady pace. Very rarely 
allows himself to get confused, but simply omits at the high 
speed. Reacts in pairs, as a rule. Compensations few. Reacts 
in snatches, i.e., completes one group, then misses the next. Has 
very long inhibitions. Does less work when the stimuli are 
thickest. 


Subject TR 


Slow reagent. Visual and voco-motor imagery. Does not re- 
port kinaesthesis. Seems influenced by negative attitude or feel- 
ing that the task should not have been given because too diffi- 
cult and exacting. Reacts with a certain regularity and de- 
liberateness. Very few mistakes made, but a great many omis- 
sions. Seldom makes a single reaction. Emphasizes the larger 
group and slurs the isolated dot. Keeps a steady pace. No 


compensation. In general the work bears a striking resemblance 
to that of LZ and SR. 


Subject TT 


Slow reagent, but on the way towards rapid improvement. 
Strokes on record show uneven work. Some incoordination ap- 
parent. Much compensation and some confusion and blind tap- 
ping. Adds in the slow part and magnifies the larger group, but 


loses a lot at the high speed. (Data insufficient as to other char- 
acteristics. ) 


II. PERSONAL DETERMINANTS AND PERSONALITY. 


We have seen that the subjects fall into two types (with an 
intermediate, in one case an indeterminate, class) and that cer- 
tain characteristics, at least certain constellations of tendencies, 
are ascribable to every subject. It now behooves us to inquire 
into the significance of it all. In what direction are we to look 
for an explanation of these individual differences that seem to 
have such a conspicuous place,’ especially in the department 
STERN’ refers to as Psychical Energetic? Most of us would 
have thought that the adoption of a method for the working 


108 Psychologische Arbeiten (KRAEPELIN) generally and _ particularly 
OgrHRN’s Exp. Studien zur Individualpsychologie in vol. I. 
109-W. Stern: Ueber Psychologie der Individuellen Differenzen, p. 117. 
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out of a problem is inseparably bound up with the mental make- 
up of the individual subject, that it is not a merely accidental 
affair. It is disappointing then to read in WAsHBURN’s thought- 
ful treatise on movement an utterance which, far from shedding 
any light on the subject, only serves to befog the issue. In at- 
tempting to account for the different stereotyped methods that 
subjects adopt when given vague and indefinite instructions, she 
says: 


“It seems to me that these self-imposed problems can be ex- 
plained simply in the following way. A very general problem 
sets in readiness a number of methods for its solution. One of 
these methods happens to be the first one adopted, and simply 
perseverates: since the influence of perseveration involves so 
much less fatigue than the influence of the activity attitude, it is 
not interfered with and becomes increasingly strong.’””” 

We must all admit it a laudable undertaking to reduce an ex- 
planation to the lowest terms, but when these terms read zero 
for both the numerator and the denominator, we feel that the 
simplification has been carried a bit too far. To account for in- 
dividual differences in the performance of a task by saying that 
they arose accidentally is merely to take refuge in an asylum of 
ignorance. In former times, it was the miracle that was ap- 
pealed to as an all-embracing explanation. More recently, it 
would seem that chance is occupying this position of a wholesale 
difficulty-resolver. 

In the writer’s opinion to dispose of the matter in this way 
is no more satisfactory than the child’s replying “because” to 
questions it cannot or would not answer. If we examine WaSH- 
BURN’S tentative explanation, we shall see that it rests on half a 
dozen hypotheses, one propped up by another. 

Suppose, for a moment, we applied the theory in our particu- 
lar case. Shall we say that some subjects happened to lay more 
stress on completing a group or on making a double reaction or 
on the fact that they are not to make mistakes, while others just 
happened to emphasize other factors? It is needless here to 
analyze the concept of chance and to distinguish between the 


110M. WASHBURN: Movement and Mental Imagery, p. 173. 
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strict meaning of the word and its conversational content, as 
this has been done so often. Suffice it to say only that the word 
“happen” as applied to a person’s action is different from the 
connotation it has when employed in connection with the throw- 
ing of dice. “Oh, I just happened to be thinking about it, that’s 
all,” we dispose of our curious friend’s query. Yet any one 
who has had a smattering of psychology knows that we didn’t 
just happen to do it, in the strict sense of the word. 

In the first place we might ask how it happened that a given 
subject should happen to hit on a certain method of doing things 
and not on another first. But secondly, WAsHBURN has still to 
prove that a method once hit upon will perseverate. Our results 
certainly do not show it, and what is more, the facts flatly con- 
tradict this assumption. We have already seen that (a) meth- 
ods are changed to suit the circumstances, (b) subject ML fre- 
quently vacillates between different methods. In addition, how- 
ever, the possible correlation of tendencies among the different 
groups seems to indicate that we are dealing here with a more 
complex arrangement than might be supposed from WasH- 
BURN’S account. | 

Were it not for the fact that there is a growing tendency in 
certain quarters’ to simplify matters by disregarding them or 
shifting the emphasis on some irrelevant point, it would hardly 
be worth while to discuss WASHBURN’S view at such great length. 
She herself probably recognizes the innate character of a great 
many individual differences, at least, but if so, it is all the more 
astonishing that individual differences of such a marked and 
significant character as those falling under the class of energetic 
should be treated so unceremoniously. What prevents us, on that 
score, from maintaining that differences in imagination are due 


111 Aesthetic preferences are sometimes explained after this naive fashion 
or by attributing them invariably to childhood experiences. Barring the 
limited number of cases of dislike to which Freun’s repression theory might 
apply, this hypothesis seems to be a vagary which brings to light the defens- 
ive reaction of the less fortunate people in matters of taste. They might be 
interpreted as saying “Our aesthetic appreciation, it is true, is not what it 
ought to be, but then we have met with an accident, and are not to blame 
for it.” 
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only to fortuitous variation, that we happened to hit upon a cer- 
tain type of imagery in early infancy and—after applying the 
rest of the hierarchy of hypotheses—here we are, using one type 
of imagery more than another?” 

The whole point of view that is attached here betrays a hanker- 
ing after an obsolescent, if not obsolete, Weltanschauung, viz., 
that of historical materialism, but without its philosophical 
breadth; for BUCKLE only denied the existence of original traits, 
but it never occurred to him to explain palpable differences on 
the basis of fortuitous events. The tabula rasa doctrine, in its 
extreme form, or better still, the tabula rasa temperament is at 
the root of this whole “scientific”? method. 

If individual differences stood for nothing more than chance 
happening developed by habit, differential psychology would not 
have made such phenomenal progress as it did within the last 
two decades; and it is to be hoped that in the future there will 
be more and more intercourse between that branch of psychol- 
ogy and physiological psychology, and also biology. For the 
history of a person’s individual tendencies—even as regards in- 
terpreting and acting out indefinite instructions or adopting a 
particular method as distinct from others—begins not only with 
the protoplasm of a given individual, but farther back. 

At the present stage, a task of such proportions, i.e., of trac- 
ing the origins of individual differences, would naturally be out 
of the question. But surely we have a right to postulate that in 
the individual psychophysical make-up, there is a something 
that determines him to take one course of action rather than 
another ;** and inasmuch as this something manifests itself in 
innumerable ways, and varies from individual to individual, we 

112 Tt is of course realized that Watson, and happily not more than one 
or two others, would have us first prove that there is such a thing as 
imagery altogether, but until they prove that there is such a thing as sensa- 
tion, or else adopt an objective terminology like that of NugEL, we are quite 


safe; and if they some day decide upon the latter course, we are even 
a 

118 Cf, Jupp, (Movement and Consciousness, Psych. Review Monograph 
Supplements, vol. VII, p. 215). “Individual nervous organizations are clearly 
of importance, as shown by the fact that certain types of reactions are 
repeated by given individuals.” 
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must recognize that we are dealing with individual determining 
tendencies. Again when we ask ourselves what further signifi- 
cance these individual tendencies have, the reply will be that it 
is these tendencies that constitute the personality of the individ- 
ual. Hence we might as well substitute the term “personal de- 
terminants” for that of individual determining tendencies. It 
is by a person’s acts that we judge his personality, and whether 
valid or not, we have to accept for practical purposes the trite 
saying that a “person is what he does.” 

For a long time character has been associated with volitional 
acts.* Ethics was largely instrumental in throwing this connec- 
tion into relief, but scientifically nothing had been done to prove 
the relation. The first experimental attempt to study personal- 
ity in the laboratory was made by Acu*** who evidently thought 
the will-act peculiarly suitable for bringing to light tempera- 
mental differences. Yet the brief space in-his book devoted to 
observations on temperament by no means justifies the pre- 
tentious title of the book, even if we include the scattered ref- 
erences in the body of the work to that phase of his subject. 
The part on temperament is nothing more than a side-issue with 
him. 

All that Acu’s experiments really amount to in their relation 
to temperament is to show how certain phenomena that he had 
observed in connection with will activity do fit into the old 
scheme of temperament. He did not start the subject anew, but 
had the ancient classification to begin with, and he merely 
grouped his subjects in the one category or the other, on the 
‘basis of their determination, motivation and excitability. The 
only new and important fact that he contributes is the addition 
of a fifth type of temperament to the traditional set of four, 
which he calls the deliberate (besonnene) type. It is marked by 
a tendency to obviate all the obstacles that interfere with a 


* Cf. Ed. Hirt: Ueber empirisch begriindete Bewertung der normalen und 
pathologischen Handschrift. Archiv fiir die gesamte Psychologie, vol. XXIII, 
1918, p. 358. “An Stelle des allgemeinen Begriffs des Willenstypus wird 
darum heute die einzelne Willensbewegung zum individualpsychologischen 
Problem.” 


114 Ach: Ueber das Denken und das Temperament. 
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prompt reaction, and to avoid slips. The affective reaction be- 
comes less intense as the determination towards an accurate and 
rapid reaction becomes stronger. With these subjects, success 
was accompanied by the awareness (Bewusstheit) of “I am able,” 
while failure brought on a state of self-irony with the aware- 
ness “If I only seriously want to.’’ Great associability of ideas 
is also a mark of this temperament. 

It is doubtful as to how much we can build on such a tenuous 
basis. In a study of personality we cannot be satisfied with the 
observation of one or two traits and these gained mainly from 
introspection. We want to get at all the personal determinants 
possible by testing the individual not only as to determination, 
but as to every mode of reaction we can think of. Even the 
sort of imagery one uses is a valuable partial index, as MARTIN 
has shown in her recent address.*** It is only then that the facts 
could be collated, and undoubtedly some correlation will come to 


light. It is this very correlation that we are seeking. For as 
THORNDIKE remarks 


“A statement of the differences between one whole man and 
another would be an almost interminable inventory of particu- 
lar differences, unless some traits were so related that knowledge 
of the amount of one of them possessed by a man informed us 
of the amount he possessed of the other also’””*® 

Why should we expect to find correlation between traits and 
tendencies? The answer is: common observation puts us on this 
track. The very classification of people according to the four 
types of temperament bears evidence of a universal feeling, from 
the time of antiquity, that a given personality takes a more or 
less definite direction. This view stood the test of the critical 
philosophy, for KANT appears to have held the ancient classifica- 
tion in a modified form,’ and Wunoprt adopts a similar scheme. 
We may question the adequacy of the ancient classification or its 


115 Lillien J. Martin: Personality as Revealed by the Content of Images. 
(Address of the retiring vice-president before the meeting of the American 
Psychological Association 1916). 

116 THORNDIKE: Educational Psychology, vol. III, p. 348. 


117 Wunpt: Grundzuege der Physiologischen Psychologie, vol. III, p. 637. 
5th ed. 
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amended form, but the possibility of some sort of classification 
cannot be denied. In the first place, it is a practical necessity. 
We are constantly judging our fellow-men as individuals with- 
out taking into account all their traits. Perhaps five minutes of 
conversation will be sufficient to give us an impression. What 
we are in need of is the standardization of these judgments. 
But secondly, it stands to reason that a number of traits might 
have a common factor at their root. Thus a person who talks 
slowly and deliberately is apt to differ from the quick individual 
in everything involving their constitutional differences that are 
responsible for the divergence in the rate of their speaking. 
This would presuppose a limited number of personal determin- 
ants, and biologically, a limited number of unit characters with 
innumerable permutations and combinations. 

THORNDIKE, in his eagerness to show men nearly equal and to 
give the vast majority of them a modicum of everything so that 
they may all be mediocre, fails to distinguish in his treatment of 
individual differences between intelligence traits and personality 
(character and temperament) traits, with the result that he is 
thinking in terms of the former and is applying his conclusions 
promiscuously. 

Thus, we can follow him when he says 

“Mental traits are certainly not as a rule unit characters, each 


of two or three cooperating unit characters. On the contrary, 
most of them seem to be the results of very many 1 __char- 


acters,’’**® 
only if he is referring to an intelligence trait. Certain.,.a trait 
like the rate of learning, for instance, is dependent up a very 
many factors, but when we turn our attention to temperamental 
traits, the situation is different. Here, on the contrary, we 
should be inclined to reduce the number of unit characters, be- 
cause several tendencies might easily owe their origin to the 
same unit character. 

Individual differences have hitherto been treated as the loose 
appendages of an experiment. They formed a side-issue, but 
no more. Even when two traits, say two abilities, were being 


118 THORNDIKE, loc. cit., p. 268. 
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correlated, the emphasis would be not on the individual, but on 
the abilities that were being examined. Most investigations 
take up the question of individual differences arising out of the 
experiment. They simply cannot be ignored now-a-days, but in 
very few cases do these individual differences appear as more than 
disjecta membra. That is especially true of temperamental dif- 
ferences. If only a suggestion along these lines, made in one in- 
vestigation, were followed up in other and subsequent investi- 
gations, a large body of data would accumulate that would point 
definitely in one direction or another. Gradually these sugges- 
tions would either develop into facts or else they would be 
thrown overboard.” 

To illustrate: in 1873, EXNER was led to the conclusion that 


“Man im allgemeinen bei solchen Individuen die kiirzeste Re- 
actionszeit zu finden erwarten darf, welche am meisten gewohnt 
sind, ihre Aufmerksamkeit auf einen Gegenstand zu concentriren, 
und dass solche Leute, welche ihre Vorstellungen ungehemmt 


ablaufen zu lassen gewohnt sind, grossere Reactionszeiten 
haben.”’**° 


In 1913, LANGFELD was led to the conclusion that those 


“who trusted most to a non-represented determining tendency 
did the best’ [work in passing a stylus down a groove] 
saying further, 


“This suggests why a certain type ‘of mind is unskilled in 
movement, that is the imaginative type which is continually 
thinking of other associated things. As there are more of the 


imaginative among the intellectual, it is not surprising that there 
is more skill among the non-intellectual.’”” 


Surely this is a sufficiently important point for consideration in 
reaction experiments of any kind. 

Worse still is the lack of cooperation or communion among 
the members of the laboratory with the special purpose in view 
of studying and correlating individual differences. Instead of a 


119 Cf. W. Srern’s reflections on the subject in his “Differentielle Psy- 
chologie,” chap. VII. (Arbeitsgemeinschaft und Sammelforschung). 

120Exner: Untersuchung d. Einfachsten Psychischen Prozesse. Archiv. 
fiir die Gesamte Physiologie (Pflueger), vol. VII, 1873, p. 614. 


121 Langfeld: Voluntary Movement under Positive and Negative Instruc- 
tion. Psych. Review, vol. XX, 1913, p. 477. 
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connected chain we get only a large number of links that are 
never put together, because one experimenter does not know the 
details of the investigations carried on by other experimenters 
in the same laboratory. | 

There are only one or two other investigations accessible to 
the present writer in this respect, i.e., with references to a num- 
ber of subjects that had also taken part in the research under 
discussion. In one by H. T. Moore,’” all the subjects he em- 
ployed, excepting the present writer, were also employed as sub- 
jects in our own research, but seeing that the field is so remote 
from the one we are concerned with, we can hardly expect to 
find any possible connection between the results of the various 
individuals. And yet, it may seem curious, there is the fact 
that his very consonant subjects were our very slow subjects, 
while the two that appear in the dissonant group were among ° 
the very quickest reagents in our experiment; the most disson- 
ant was actually the one who turned out the greatest number of 
reactions, though a great many were wrong. Now all this may 
be merely a coincidence, but there is no harm in taking note of 
coincidences. 

In the other research, that by H. E. Burtt,” the relation is 
much closer to our work; and we feel that it is no coincidence 
when two of his subjects who seem most susceptible to distrac- 
tion are the slowest reagents, or rather, as has been already ex- 
plained, are most affected by the interference conditions of our 
experiment. More than that, the subject who “showed the effect 
of the distraction most markedly” is the subject who would have 
by far the highest inhibition coefficient under conditions of inter- 
ference. Furthermore, in the imagery experiment he displays a 
“fear of making a mistake’; in our experiment he shows the 
least tendency to reverse the association and make mistakes that 
way. 

It so “happens” too that this subject is of a decidedly visual 


122H. T. Moore: The Genetic Aspect of Consonance and Dissoriance. 
Psychological Review, Monograph Supplements, vol. XVII, 1914. 

123 H. E. Burtt: Factors which Influence the Arousal of Primary Visual 
Image, American Journal of Psychology, vol. XXVII, 1916. 
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type, while the other who keeps company with him is, to all ap- 
pearances, visual also, though not in so pronounced a way as the 
former. Both of these subjects never mentioned the cccurrence 
of kinaesthetic imagery while engaged in our investigation. 

From the foregoing it is possible to infer that the decidedly 
visual type is more susceptible to distraction, interference condi- 
tions and the like; and if we turn to another experimental report 
on an allied subject,’** we shall find, as one of the results, that 
the most visual of three subjects who participated in that particu- 
lar investigation was delayed most in sorting cards under the 
distraction of reading aloud. 

Are we to regard all these relations as coincidences, merely 
due to chance? Or shall we take them up as beginnings for 
further study and analysis? From a methodological point of 
view there can hardly be two opinions on that matter; and any- 
one who shuts his eyes to such relations or correlations displays 
a certain narrowness that is, alas, rampant in experimental psy- 
chology and proves an obstacle in the way of proper interpretation 
of the facts. If we are to get all that is to be gotten out of our 
results, we must make them a stepping-stone for further re- 
search. They should have an arrowhead tacked on to them, so 
that we might be able to orient ourselves with respect to other 
investigations and problems in related fields. Hence the experi- 
mentalist must be possessed of a sense of direction. 

A serious drawback in the study of individual differences and 
their correlation is the complexity of factors that we are con- 
fronted with. Many investigators probably feel as if they would 
never be able to disentangle the numerous threads that may be 
involved in a single result. Take the instances that we have 
cited—and here we have a relatively simple situation: How shall 
we explain, discarding the view that it is a coincidence, the rela- 
tion between belonging to the visual type of imagery and being 
susceptible to distraction, or between either of these and slowness 
under interference conditions and all the other traits that go 


124M. F. WasHBurN and M. McMern: The Effect of Mental Type on the 
Interférence of Motor Habits. American Journal of Psychology, vol. XX, 
1909, p. 284. 
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with it (complete inhibition, undulation, lack of reversals and 
mistakes, etc.)? Is the type of imagery directly responsible for 
these other modes of reaction, or is there some common factor 
giving rise to both the former and the latter, that is to say, the 
connection would have to be sought farther back in the nervous 
make-up of the individuals? To answer such questions at the 
present stage of our knowledge would be a premature venture. 
We must be patient in regard to this point just as in scores of 
others. 

But of what advantage—it will be asked—is it then to talk 
of such indefinite terms as dominant determining tendencies and 
personal determinants? Why add to our already increasingly 
burdensome and unwieldy terminology? Our reply is that these 
terms, though structurally indefinite, are fraught with a very 
definite meaning functionally. Their value is of a heuristic kind. 
They, at least, pave the way for a solution in indicating what 
turn we are to take. , 

In employing such terms as determining tendencies and per- 
sonal determinants, we are, like the mathematician, dealing with 
unknown quantities. Now X, Y, and Z, may stand for any 
quantity, to begin with; yet they have a definite relation in the 
equation, which works out correctly after proper arrangement 
of the various terms. Is this not precisely the method we are 
adopting in psychology? First we must have all our terms at 
our disposal. We then place them in their proper positions by 
bringing one fact into relation with another. A great many ir- 
relevant data will be dropped, and probably a solid core will re- 
main which it shall then be our task to reduce to a structural 
category or to translate into physiological language. 

The reason why we have chosen to classify determining ten- 
dencies into three different classes should be quite plain. They 
were introduced because there was a real demand for them. We 
do not believe all determining tendencies equal because, in the 
first place, there seems to be a leitmotif operating universally, 
which largely shapes the course of the ordinary determining 
tendencies—those touched off by the experimenter’s instructions. 
But further the fact that each subject has his own way of doing 
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things (difference of degree and combination, vide supra) proves 
that the determining tendencies set into play by the instructions 
are also modified by other tendencies, varying with the individ- 
ual, which we, on that account, dubbed personal determinants. 
Applying the above relation in the concrete, we have the fol- 
lowing state of affairs taking place in our experiment. The 
subject, in accordance with the instructions, proceeds to depress 
the one key twice for the red stimulus and to depress the other 
key twice for the green stimulus. But the dominant tendency to 
take the course of least exertion will affect his work in such a 
way that he will emphasize the easier movement and slur the 
more difficult one, while his personal determinants will direct 
his mode of reaction in a more specific way,’*’ which will vary 
from that of another individual. If X, Y and Z are represented 
as the dominant determining tendency, the determining tenden- 
cies, and the personal determinants, respectively, then we may 
express the relation of Y as a function of X and Z, or in sym- 


bolic form, Y =f (Ay 2). 


The term “physiological cortical set” has had a wide vogue of 
late in psychology. The concept is a useful one, and though it 
can scarcely be considered an adequate explanation of the deter- 
mining tendency, it serves to bring us closer towards some tenta- 
tive theory. If we accept the “cortical set’ as the physiological 
equivalent of the determining tendency touched off by the in- 
structions, we must remember to take our previous conclusion 
into consideration. This demands that we make the set depend- 
ent upon other prior arrangements which are the physiological 
equivalents of the dominant determining tendencies and personal 
determinants. 

But why assume such a thing as personal determinants, in the 
first place? Can individual differences not be explained on the 
principle of different constellations of determining tendencies? 
No, that would be a circular procedure, because the determining 
tendencies do not operate until the instructions have been given 


125 Cf, in this connection G. V. Hamitton’s “Specific Organic Properties” 
or reactive tendencies in Sexual Tendencies in Monkeys. Journal of Animal 
Behavior, IV, 1914, p. 314 ff., especially p. 317. 
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to the subject. Now, how is it that one particular constellation 
should form and not another, unless we suppose that in the indi- 
vidual there is a something which determines that formation and 
not another? 

We fully admit that the working of these different tendencies 
can, at most, be only a matter of conjecture at present; but, at 
any rate, it is far better to be in the trial stage than to ignore 
the problem entirely, by attributing a given mode of reaction to 
mere chance. In the former case we can at least hope to find a 
solution some day; in the latter, we cannot so much as make a 
start. 














CHAPTER IX. 


APPLICATIONS. 


A. Results as Applied to Pedagogy and Education. 


Although our problem is predominantly of theoretical signifi- 
cance, it would be worth while to draw a few inferences from 
the results with regard to such an important subject as educa- 
tion. 

Naturally these inferences cannot be amplified so as to be 
brought into relation with the more typically educational topics 
such as memory, association and imagination. But for that 
very reason, i.e., just because these topics have been discussed 
over and over again, it would be proper to turn our attention to 
some more neglected points perhaps that suggest themselves as 
corollaries from our experimental findings. 

In the first place, there is one result that is of special interest 
which was merely alluded to in the chapter on objective results. 
It was brought out incidentally and has no direct bearing upon 
the conflict of impulses. We can now discuss it at length because 
in connection with education it is quite in place. 

Upon presenting the stimuli-lists both in an ascending and a 
descending rate of speed, varying the order in alternate weeks, 
it was observed that the subjects were almost equally divided 
as to their preference. Some would much rather have the close 
dots first and end up with those farther apart, while others pre- 
ferred it the other way i.e., they wanted to begin with the farther 
apart dots first and gradually work up to the thicker part of the 
list. Not only were they decided about their preference, but the 
very question as to their preference seemed to them unnecessary. 
The former thought it of greater advantage to everybody to 
start with a dash and then slowly relax, while of the latter, two 
or three took the trouble of explaining in their introspection 
that it was the most natural way of doing things to start slowly 
and gradually keep increasing the speed. The objective results 








124 ABRAHAM A. ROBACK 


all confirmed the subjective preferences. It may be said that 
only two subjects were not consistent in their preferences at the 
time. They seemed to be on the borderland and were subject 
probably to other variables that did not make so much differ- 
ence with the rest. 

To begin with, the prima facie fact of this division would 
clearly indicate the existence of individual differences with re- 
gard to performing a task. Some prefer to take a quick plunge 
into their work and enjoy the relief that is theirs, as the demand 
on them becomes diminishingly small; and it is in that way that 
they can do a better job. Others, however—and probably these 
are in the majority—must work their way up. They grow with 
their task. 

Now all this is very true, and if we take the trouble to look 
around we shall find these two types everywhere. But that 
isn’t where the matter ends. It was discovered later that the 
more difficult the rate was made by increasing the speed, the less 
prone were any of the subjects to prefer the rapid-slow lists. 
Not only was such a preference not marked by the previous con- 
sistency on the part of three subjects, but in some cases the latter 
had still stuck to their old statements about their preference 
while the objective results indicated that better work had been 
done in the slow-rapid list, whether it came first or second in 
the sitting. Also those who had previously been borderland 
cases, were now veering around to join the slow-rapid prefer- 
ence group. 

As this observation was only a side-issue, it was not tested out 
thoroughly by reducing the rate for the other subjects who had 
preferred the slow-rapid lists from the very start. Nevertheless 
considering that those who made up the rapid-slow group were 
the quickest reagents, while the group preferring the opposite 
order of rates was composed of the slowest reagents, with the 
originally inconsistent group coming in between, we appear to 
have a clue to the whole situation; and it seems we can safely 
venture to offer the following formulation: When the task is 
difficult, to begin with, and becomes increasingly difficult, it is 
best to work up one’s way gradually in order to obtain the best 
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results. On the other hand, if a task is easy, to begin with, and 
is steadily becoming easier, the best way to go about it is to 
tackle the more difficult end first and then gradually relax. 

It is true that not all tasks allow of such treatment, but we 
can conceive of a great many that do and besides the principle 
may apply to a whole day’s work in which a number of tasks are 
included. 

It applies equally well in the matter of education. First, in 
regard to individual education, each one knows what subject or 
phase of subject is for him easier as compared with another 
subject. If he has, let us say, four or five subjects to review 
among which he finds two easy and two difficult, he ought to 
begin with the latter. But suppose he has a different proposi- 
tion before him—this time not a review, but entirely new and 
difficult work, it would then be of advantage if he could start 
with something easier and switch off to the more exacting job 
later. Naturally the question of fatigue enters in here, and it is 
not necessary that he reserve such work to the very end, when 
he is worn out. This is, however, a matter to be judged and de- 
cided upon by the individual himself in accordance with the 
special conditions and circumstances that may be involved. The 
main point is that he is to avoid plunging into the very thick 
of the difficulty until he has had time to adjust and readjust 
himself, otherwise his impetus will receive a rebuff that will 
only impair his efficiency for the rest of the period, so that it 
does not increase pari passu with the growing facility of his task. 

Second, as regards the planning and arranging of the school 
cutriculum, we have in the foregoing rule a good guide as to 
what subjects the session should begin with. Much would, of 
course, depend upon the grade and age of the children, the 
period of the year and other such factors. We realize also that 
the school curriculum is not something that is amenable to fre- 
quent changes in conformity with varying conditions. There is 
also the consideration to reckon with that some children are more 
adapted to one thing than others, and that it would not be feas- 
ible to divide a class on the basis of such inclinations or prefer- 
ences. Yet, for all that, though we may be doubtful as to 
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whether the study of a foreign language is more difficult than 
mathematics, or the reverse, there is no denying that certain sub- 
jects make a universal appeal to the pupils and call for less effort 
on their part. All things considered, it seems reasonable that, 
let us say, a history lesson would be more appropriate to open the 
session with than an exercise in Latin composition or an explana- 
tion of the binomial theorem. When in doubt as to the relative 
degree of ease and difficulty of the various subjects, so as to 
allow the application of our previously formulated principle, we 
should be inclined to think that it is safer to follow the easy- 
difficult instead of the difficult-easy path. As a matter of fact 
in many schools, a method such as this is adopted in the lower 
grades where singing or drawing is the first subject of the cur- 
riculum, but so far as the writer knows, no evidence has been 
presented to prove that such a plan is either justified or is only 
arbitrary. 

These suggestions, it must be remembered, are put forward 
merely in a tentative way. The question of the order of ease 
and difficulty is, it seems, important enough, and yet it has been 
entirely ignored so far. In our present work, it forms only an 
incidental adjunct. It can scarcely be doubted that an investiga- 
tion, begun along this line, would yield some clear-cut results. 

2. In line with the preceding observation concerning the easy- 
difficult and difficult-easy preferences is the result, both -intro- 
spective and objective, that after an inhibitory break in the re- 
actions, the situation is, as a rule, regained by starting on the 
easier of the two movements, and the subject actually waits until 
a stimulus comes up which represents that movement. The con- 
clusions that may be drawn from this are almost too obvious to 
require any expatiation. The class review before embarking on 
a new line of thought, the summary of a chapter before starting 
on a new topic strikes us as putting into effect a variation of the 
above result. With the teacher and the writer, the stepping- 
stone is a precautionary measure in order to avoid a break and 
confusion; in our work it served as a first aid after the accident 
has happened. Those teachers who allow their pupils to flounder 
in their inability to grapple with an elaborate and complex line 
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of thought rather than take one or two steps backwards to make 
the transition clear have evidently no insight into the details of 
their profession. 

3. The emphasis that is here laid on gradual adaptation 
should not be extended too widely; for as we have seen our 
principle works in both directions and needs careful adjustment 
which is more practicable in the case of self-application than in 
applying it to others, especially when these are young children. 
By no means are the suggestions contained here to be inter- 
preted as calling for an extremely easy plan of study or the set- 
ting of very slight tasks. Against this we are warned by an- 
other result which shows that if you make a task too easy, mis- 
takes will occur just where they are least expected, thus proving 
that the loss of the feeling of responsibility and the particular 
set that goes with it is disproportionate to the degree of ease. 
A certain modicum of difficulty should attend every task.” The 
ways in which this object can be attained are many and will be 
ascertainable only after examining the particular situation. The 
difficulty may be increased sometimes by shortening the period 
within which the task must be completed, or by introducing some 
additional work, or even by surrounding the task with a halo of 
gravity, first as to the idea involved, second as to the consequences 
entailed in the event of failure, i.e., the method employed might 
be that of exhortation which would appeal to the better type of 
mind, and warning to those who must have other motives to 
guide them. 

It seems somewhat strange, at the first flush, to think that ease 
or difficulty could be increased or reduced by such a seemingly 
artificial method, but the reason for such an attitude would be 
the sore want of analysis of the terms “easy” and “difficult.” 
So far as the writer is aware no attempt had ever been made to 
distinguish between subjective difficulty and objective difficulty. 
The confusion that this results in can be seen from the fact that 
in English and French investigations, more stress is laid on the 
objective connotation of the terms, while the Germans often 
convert our easy and difficult into “bequem” and “unbequem.” 


126 Cf. Corvin: The Learning Process pp. 283-292. 
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In reality, as the term is employed ordinarily, many elements 
contribute to making a thing difficult, the consciousness of its 
difficulty not being one of the least. There is an old story which 
goes back to the “Once upon a time age” that proves how much 
insight some possibly untutored mind displayed in that connec- 
tion. 

The story relates of a king who had proclaimed throughout 
his kingdom that he wanted a tiny hole bored through several 
very small diamonds in his possession, and that he who would 
be successful would rise to the height of glory, but any one who 
undertook this piece of work and happened to break the diamond 
would be punished by decapitation. A few of the most expert 
diamond cutters in that land risked their necks with fatal re- 
sults to themselves. Then one diamond cutter conceived a happy 
idea. He daringly asked for the last diamond and commissioned 
one of his apprentices to perform the momentous operation, tell- 
ing him that he must be very careful, as it was a costly affair. 
The apprentice accomplished the task successfully. The moral 
that the story was calculated to bring out is obviously that the 
high-strung attitude of the master diamond-cutters made it im- 
possible for them to achieve their object. For them the task be- 
came too difficult with the grave condition placed on it. For the 
apprentice, however, the degree of difficulty did not exceed the 
limit that would impair his efficiency, because his astute master 
knew just how far to carry the instructions and what responsi- 
bility to attach to the situation in the presence of the working- 
man. We may well imagine that if he had treated the matter too 
lightly, the last diamond would have been broken too. 

Many people fail because they overestimate the difficulty of 
their undertaking, making it thereby more difficult because they 
have added from within a new and serious complication. Others 
again fail because they underestimate the difficulty they have to 
grapple with, and thus they cannot meet all the conditions that 
may arise unexpectedly in a given situation. Happy is the man 
who can so adjust his sliding-scale of energy as to avoid both 
extremes, for his shall be success. 


4. The relativity of the degree of ease or difficulty as affected 
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by different Aufgaben is another corollary of our results that is 
likely to be of use in problems of practical education, if actually 
worked out systematically and amply tested. In the course of 
the preliminary experiments, when instead of presenting the 
stimuli at different intervals, different rates of speed were given 
for the same list, it became apparent that a 40 sec. list preceded 
by a 25 sec. list was easier to do than the same list either pre- 
ceded by a 50 sec. list or given at the beginning without any 
preliminary list. The writer did not follow up this relativity 
phenomenon, seeing that it is only a side-issue with no direct 
bearing on the main problem, hence the suggestion comes only 
as a result of a few sporadic cases, but we cannot help noting it 
both because of its far-reaching application, if demonstrated, 
and, further, the comparative ease with which it may be tested 
on a large scale. 

If verified, it would mean that if we are innervated for some- 
thing that is altogether beyond us to accomplish, this effort, 
while useless so far as the infeasible task is concerned, will be 
of considerable service in tackling afterwards a less difficult 
piece of work, but yet, more difficult than usual. On this score, 
may it not pay then to set and sacrifice an artificial task that is 
too exacting in order to attempt another difficult task with greater 
alacrity than would otherwise have been the case? It seems that 
the prevalent habit of setting oneself a schedule that is consis- 
tently beyond the particular individual’s capacity to keep up with 
is grounded in the principle that has just been suggested. 

The question whether it is advisable to carry out such a plan 
in ordinary school teaching is a delicate one. It would certainly 
require a great deal of nicety and judiciousness on the part of 
the teacher to manipulate such a method; for though it might 
make things easier for the average pupil, it would tend, how- 
ever, to lower the estimate of the teacher in the eyes of the 
pupils and to render them refractory, if he or she kept continu- 
ally assigning burdensome work to them, only to make a con- 
siderable remission after a few minutes of consternation in the 
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class-room. Perhaps the best results are to be looked for in the 
case of self-imposed tasks.’*’ 

5. The retroactive inhibition of determining tendencies is an- 
other result the discussion of which will not be commensurate 
with.its importance as applied to training. We have seen that 
according to this law, the determining tendencies weakened in 
a descending order of their specificity, i.e., the most specific de- 
termining tendency was the first to become suspended during 
inhibition, while the most general determining tendency was the 
last to be arrested during such a state, a phenomenon which puts 
us in mind of retrograde amnesia. 

Now since the instructions or suggestions are the external 
conditions for these determining tendencies which are mediated 
through problem ideas, it goes without saying that it is the most 
specific instruction that needs the closest attention and greatest 
stress. Once the strength of the most specialized determining 
tendency is insured, the rest follows automatically, since every 
determining tendency, in coming into play, operates at the same 
time all those below it in specificity. 

This does not mean merely that specialized work requires 
more practice than unspecialized, but that the amount of prac- 
tice necessary is out of all proportion to their ratio of elaborate- 
ness. In other words, training should not end when it is carried 
to the knowing point, but must be continued till the emergency 
point. It 1s the emergency that is the criterion of the strength 
of the determining tendency. Only if it can stand the test there, 
has its hold been firmly fixed. This is a point the significance 
of which has not been universally grasped, though as a working 


principle it has been recognized from observation and experi- 
ence in many quarters. 


127 [f this fact should be confirmed after further experimentation, it would 
furnish us with the complementary phase of MEUMANN’s Leistungsgesetz des 
Willens. The explanation of the process is partially contained in this state- 
ment: “Unter den Einfluss der Vorstellung einer grésseren Aufgabe spannen 
wir ohne bewusste Reflexion und ohne die bestimmte Absicht unsere Krafte 
mehr an, als wenn uns eine geringere Aufgabe vorschwebt” (Vorlesungen, 


Vol. III p. 103, 2nd ed.) cf. also the important corollary as applied to educa- 
tion. loc. cit. p. 104. 
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Let us now turn to the individual differences and see what we 
can learn from the results appearing under that caption. We 
have seen that the subjects fall into distinct reactive types. There 
are the omitters and the confusers—subjects whose mistakes are 
those of omissions and subjects who, in addition to omitting, also 
make mistakes of commission, but then their output is much 
greater than that of the simple omitters. There are also what 
for want of a better name, we might call the “undulators”’ be- 
cause they emphasize certain groups and leave gaps in others 
and the “equalizers’ because they make an attempt at every 
group of stimuli, without completing it. 

The question now arises whether we can put this result to the 
same use in educational psychology as the discovery of imaginal 
types. From an examination of the functional significance of 
the sensory process and the motor process, we must come to the 
conclusion that the two are incomparable. The aim of the sen- 
sory process is to gain impressions; that of the motor process is 
to give expression. Our individual imaginal tendencies can of- 
ten be made serviceable in different ways according to the re- 
quirements of the thing we are trying to learn, but where such 
adjustment is not attainable, the individuals representing differ- 
ent types need not be exhorted to try to change their mode of 
learning by an effort to cultivate a different type of imagery.’ 
We all recognize, of course, that there is a distinct advantage in 
being able to put all types of imagery into play, but ought the 
predominantly audile strive to become more of a visile? Ought 
the man with a great play of visual images seek to imbibe knowl- 
edge by making use of kinaesthesis? Considering that the end 
can be attained through any one of these media, it might be only 
a waste of energy to try to learn auditorily what might be done 
just as well visually, especially as there are so very few who can 


be said to employ one type of imagery to the exclusion of all 
other types.*** 


128—n fact MEUMANN points out that there is more loss than gain in the 
attempt to cultivate another type of imagery than the one that a given indi- 
vidual is endowed with, and cites his own case as an illustration. cf. Mrvu- 
MANN: Vorlesungen, Vol. II. p. 547, 2nd ed. 

129], R. ANncetL: Methods for the Determination of Mental Imagery, 
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It is different, however, with the motor process where in the 
first place, it is more desirable to be able to control one’s mode 
of reaction, and secondly, it is more practicable in this sphere. 

Since the two pairs of reaction types are mutually incompati- 
ble, it is clear that you cannot obtain the same result by follow- 
ing either mode of a pair. If speed is aimed at, the omitter will 
fail lamentably, while if accuracy is the goal, the confuser will 
find his work counting for very little. In our experiments 
either omitting or confusing largely had to take place, owing to 
the conditions imposed by the method. Mention may also be 
made of a more or less balanced type in which a compromise is 
shown between the two extremes. For the same reason, it was 
not possible both to attempt every group and to complete it, with 
the result that the subjects fell into these different classes re- 
vealing a tendency to emphasize this or that mode of reaction. 

Now that we know that such different types exist with pro- 
nounced dispositions to react in one way or another, it behooves 
us to classify subjects (children) on such a basis and to promote 
greater adaptability in accordance with the purpose of the task. 
And for this reason it may be pointed out that in dealing with 
scholars we ought to take these differences into consideration, 
i.e., to make allowance for them. At the same time, we must 


try to remedy the lopsidedness by developing a sense of propor- 
tion that could be applied in every particular case. The boy 
who thinks only of filling so many examination books and does 
not pay so much attention to the details of his answers will find 
himself hampered in the end, but so will the boy who spends a 
great deal of time on details fall short of success. He who can 


carefully balance both factors will, other things equal, take the 
lead. 


Psychological Review, Monograph Supplements, vol. XIII, p. 82; also M. R. 
FERNALD: The diagnosis of Mental Imagery, Psychological Review, Mono- 
graph Supplements, vol. XIV, p. 130. More emphatically THorNpIKe: 
Educational Psychology, vol. III, p. 381 ff. 

CoLtvin and Myers (Development of Imagination, Psychological Review, 


Monograph Supplements, vol. XI) seem to have reached the conclusion that 
our imagery changes as our ideas become more abstract and that we grow 


out of our visual imagery to a large extent. 
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Can such a transition be effected? Is it possible to adapt one’s 
mode of response? The following illustration from personal 
experience will probably serve to answer this question. 

The writer had been in the habit all through his primary and 
secondary education invariably to emphasize the first few ques- 
tions of an examination paper at the expense of the others, 
nearly always omitting the last with a remark to the effect that 
the time is up. It was assumed that the examiner would be able 
to judge in what sort of manner the last question would be 
answered, if the examination period were extended. Now some 
examiners do actually make allowance for such pressure, but 
this is by no means a universal attitude on the part of examiners; 
and those who are skeptically inclined or who overemphasize 
brevity will naturally discountenance such a view, because in their 
opinion, the student should accept the instructions implied in the 
make-up of an examination paper—literally. 

It was not till the beginning of his graduate work that the 
soundness of such a view suggested itself to the writer and he 
began cultivating a tendency for distributing his work to meet 
the time requirement, until the two opposed tendencies nearly 
balanced each other. 


Examples of this sort may be multiplied, and undoubtedly 
similar adaptations are taking place constantly, but matters 
would be much facilitated if we could pick out the different motor 


types out of a class of pupils early in life for special guidance 
along this line. 


B. Application to Ethics 


It may seem somewhat out of place to introduce in an experi- 
mental essay some observations bearing directly on ethics, but 
just because such is the case, does it seem desirable to deviate from 
the conventional method even at the risk of eliciting a shrug of the 
shoulders from both ethicists and experimental psychologists. 

It is a fact but too patent that psychology is deliberately steer- 
ing clear oi all contact with ethics, with the result that ethical 
writers who start out with a normative scheme in ‘their mind 
will be apt to apply this normative method to psychological 
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phenomena as well. We can scarcely pick up a text book of 
ethics without coming across a number of sections dealing with 
what is often called the psychological prolegomena of ethics. 
Such terms as desire, volition, motive, intention, wish, decision, 
deliberation and a score of others of that kind are discussed at 
great length, and with good reason, for as Lapp remarks, 

“Ethics, so far as it can be rendered scientific is one of the 
sciences. Hence its dependence upon psychology and anthrop- 
ology is to a certain extent absolute.” 

The treatment of these terms is, however, highly speculative ; 
and, in the main, we are given access to an account of what 
should be the case rather than what actually takes place. Since, 
however, psychological states and physiological activities are not 
constrained to fit into any normative scheme we are confronted 
with the spectacle of formidable systems of ethics being built up 
on sand-hills. The consequences are that both ethics and psy- 
chology are at a disadvantage. 

The fault lies with both sides. For the moralist claims that 
ethics, in dealing with its subject matter has a viewpoint and 
method of its own; while psychology, at the present day, totally 
ignores the exigencies of a sister discipline and prefers to remain 
on safe ground, thus giving an opportunity to ethical writers 
of soaring high up in the clouds where no resistance is offered 
to the Jogically (and sometimes illogically) conceived facts about 
certain mental states. 

The chasm must be bridged, if ethics is to be regarded as a 
science, and if psychology is to guard its own interests. It is, 
therefore, incumbent upon every experimentalist in psychology, 
when opportunity arises, to do his share towards clearing up 
general misconceptions, just as it is the solemn duty of every 
ethical writer to take into consideration the results of experi- 
mental psychology and not to rely merely on an account that is 
both antiquated and highly speculative. For ethics to ignore the 
findings of psychology in regard to certain mental states the 
understanding of which is essential for any ethical theory would 
be comparable with the situation where psychology should take 


180 Lapp: The Philosophy of Conduct, p. 32. 
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no account of the work done in physiology or where physiolo- 
gists should totally disregard the facts established in chemistry 
and physics. 

It is not often that an experimental result lends itself to ex- 
tension into another sphere such as ethics, but since we can per- 
ceive the possibility of such an application in the present study, 
we shall not lay ourselves open to the charge that we are not 
practising what we preach. 

In one of the early chapters of this book, it has been intimated 
that while our investigation on the conflict of impulses does not 
include the subject of ethical choice, it does, however, suggest a 
certain connection between the two problems. STouT as we 
have seen, concedes that disconnected impulses interfere with one 
another in a quasi-mechanical [!] way, but denies this as re- 
gards deliberative action. This sharp demarcation-line, drawn 
between two types of volitional activity opens up a fundamental 
issue; for it leads us to believe that an ethical situation is toto 
coelo different from an experimental situation, to the extent that 
a principle involved in the results of the one would work just 
the opposite way in bringing about a given result in the other. 

We have, in the course of our experiments, obtained as our 
most general result the fact that, in the event of interference, 
we proceed along the lines of least resistance, that is to say, we 
choose more frequently the easier of two movements. Can we 
reasonably expect this to be the case when interfering impulses 
become conflicting motives towards action? Judging from 
Stout’s view of the matter, we cannot; and, so far as the writer 
is aware, that seems to be the prevailing sentiment in ethical 
circles at least. Stout quotes with approval a passage from 
JAMES, which is here reproduced in part. 

“We feel, in all hard cases of volition, as if the line taken, 
when the rarer and more ideal motives prevail, were the line of 
greater resistance, and as if the line of coarser motivation were 
the more pervious and easy one, even at the very moment when 
we refuse to follow it. He who under the surgeon’s knife re- 
presses cries of pain, or he who exposes himself to social obloquy 


for duty’s sake feels as if he were following the line of greater 
temporary resistance.”*** 


181James: Principles of Psychology, vol. II, p. 548, quoted in Stout’s 
Manual of Psychology, p. 717 (3rd ed). 





136 ABRAHAM A, ROBACK 


Stout adds afterwards 


‘There can be no doubt that Professor JAMEs here describes 
the facts accurately,” 
but he fails to take note of another passage by the same author, 
in which much light is shed on that feeling, and which would, 
in a large measure, prove that the contrary is true. Here we 
find JAMES saying 


“We are, I think, misled into supposing that effort is more 
frequent than it is, by the fact that during deliberation we so 
often have a feeling of how great an effort it would take to 
make a decision mow. Later after the decision has made itself 
with ease, we recollect this and erroneously suppose the effort 


also to have been made then.” 

Have we not the clue to the whole situation in these two sen- 
tences, and may not this analysis be applied in every case of 
deliberative action? Does not the underscoring of the word 
“feel” in the passage quoted by Stout instantly put us in mind 
of the solution JAMes had offered previously of the problem? 
To our mind, the emphasis on the word “feel” implies that 
phenomenologically the view is true enough, just as phenomenol- 
ogically we are free to will, but as a matter of fact, this phenome- 
nal situation explains nothing. As a basis for exhortation in 
matters of conduct it may be of some use with a certain class 
of people, but if our aim is to connect our data in such a way 
as to be able to explain them, we find ourselves at sea on the 
adoption of such a doctrine as Stout champions. 

It is true that JAMEs does not seem to be decided on this 
whole matter, and he is not at great pains to conceal his ethical 
bias,*** but since we are beginning to realize more and more 
that the course of psychology cannot be steered by ethical mo- 
tives, we must insist on psychological facts being settled without 
the aid of ethical considerations. 

To the popular mind, virtue is associated with the difficult 
course of action. Of course the belief is universal that it is 


182 JAMES, loc. cit. pp. 534-535. 

133 Cf. what he says about freedom loc. cit. vol. II, p. 573. “The present 
writer does this for the alternative of freedom, but since the grounds of his 
opinion are ethical rather than psychological, etc ” 
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easier to yield to a temptation than to resist it, but this belief 
cannot be accepted as it stands. It requires further analysis. 
If it means that the average man or woman more frequently 
goes astray than not, then the view is certainly not a correct 
one. What is at the root of this belief is the fact that all people 
find it easier to yield to a temptation at times than never to give 
way to one. That is an entirely different story. The important 
point, however, is that whether we yield or not, we are following 
the lines of least resistance. Such a conclusion does not seem 
compatible with the conventional view of morality. One might 
object that it is putting the hero and the coward, the saint and 
the moral reprobate on a par. We ask: How else can it be 
psychologically? The hero is actuated by his idea just as the 
coward is determined by his. What distinguishes their mode of 
behavior is the judgment of value that attaches to each of their 
ideas respectively. That difference in significance, however, 
takes us into another sphere entirely. It is no longer a psycho- 
logical fact but an axiological datum. 

JAMES is inclined to judge the situation from the popular point 
of view which is only one-sided and anything but critical. Thus 
we are told 

“He [the virtuous man] speaks of conquering and overcom- 
ing his impulses and temptations. But the sluggard, the drunk- 


ard, the coward, never talk of their conduct in that way, or say 
they resist their energy, overcome their sobriety, conquer their 


courage, and so forth.”*** 

Now it doesn’t take much acumen to perceive that behind this 
phrasing there lurks a petitio principu. Given the terms slug- 
gard, energy, drunkard and sobriety, coward and courage, we 
cannot connect these pairs by the verbs resist, overcome and 
conquer simply because common usage precludes such a con- 
struction. But on the other hand, we can conceive of a case 
where the hustler overcomes his energy, the teetotaller, his sob- 
riety, and the foolhardy man, his courage. Hence the argu- 
ment from common parlance (a form of the argumentum ad 
populum) does not take us very far, and might as well be ruled 


134 Loc. cit. vol. II, p. 548. 








138 ABRAHAM A. ROBACK 


out of court; for the psychological process corresponding to 
“resisting,” “overcoming” or “conquering” does not favor the 
laudable impulse any more than the culpable one. It is we, as 
judging conduct, who have decided to couple the words bearing 
a connotation of effort with the acts expressive of virtuous con- 
duct, because we have been accustomed to associate virtuous con- 
duct with the feeling of effort, to begin with. And JAMEs him- 
self has already partially explained, as we have seen, the genesis 
of this association. Probably this association has been rein- 
forced also by education and other sociological factors (religious 
lore, moralist propaganda). 

Now let us take the very illustration adduced by JAMEs and 
examine it in a psychological light. What happens when the 
hero or the martyr suffers for duty’s sake? There are two 
courses open to him, and yet he chooses the most difficult one, 
we say. Yes, but his statement must be qualified by adding the 
further clause, “From our point of view as judging spectators 
and from the agent’s point of view prior to his becoming an 
agent.’”’ At the moment he actually made his decision, he acted 
in the line of least resistance. Suppose the impulse to cry out 
under the surgeon’s knife were one of the motive ideas and the 
idea of duty the other, then if the agent did not cry out, it is 
only because there was less resistance in that direction, that is to 
say, because the idea of duty was more insistent than the idea 
which would, under other circumstances, have given vent to a 
moan. It is similar with the moral reprobate who suddenly be- 
comes converted. Much as the moralist may shy at such a view, 
it is nevertheless true that the actual conversion follows along 
the lines of least resistance. The idea that led to the conver- 
sion must naturally have been a very powerful agency in order 
to render the other course (which we naturally think as the 
easier of the two) more difficult. Why then leave it out of 
account ? 

The failure to place the two contesting motive ideas on an 
equal footing seems to be another case of not seeing the wood 
for the trees. Duty is such a comprehensive term that often it 
is lost sight of in the explanation of a moral act. One might 
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suppose that duty, reason, and the like, were not motive ideas 
or mainsprings of action from the way in which they are sys- 
tematically eliminated from the determining process. In matters 
of conduct, this tetragrammaton is often a more potent con- 
juring-word than the Cabbalistic tetragrammaton. It is not 
necessary to engage here in a rhapsodical discourse on the po- 
tency of duty; but it does seem surprising that those who extol 
it most are the very ones to overlook its part as a determining 
idea. 

This being the case, it is not to be wondered at when Stout 
finds it difficult to square the “greatest resistance” doctrine of 
ethics with the demands of psychological determinism. 

“If volition is merely the outcome of preceding psychological 
conditions,” he says, “it must follow the line of least resistance 


[italics ours] but in the cases described it follows the line of the 
greatest resistance. This would seem to imply the intervention 


of a new factor.””* 
The difficulty is solved by showing that in the cases described, 
or any others that might be adduced, action is not in the line 
of the greatest resistance, and therefore no new factor is needed. 
One might well understand how such a conclusion would 
militate against the supposed interests of morality. If both 
moral and immoral conduct follow the line of least resistance, 
it will be urged, then the ethical mari is no more virtuous than 
the scoundrel. This objection which rests on a naive and con- 
ventional view of morality reminds us of SCHILLER’s pointed 
gibe at the austere formalism of KANT’s ethical doctrine, when 
he makes the scrupulous inquirer complain 


Gerne dien ich den Freunden, doch thu ich es leider mit 
Neigung 
Und so wurmt es mir oft, dass ich nicht tugendhaft bin, 
only to find that the solution, presumably on KANTIAN princi- 
ples, is 
Da ist kein anderer Rath, du musst suchen, sie zu 
verachten 
Und mit Abscheu thun, wie die Pflicht dir gebeut.*** 


135 Stout: loc. cit. p. 718. 
136 SCHILLER, in the series of epigrams known as “Die Philosophen.” 
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The widely-accepted belief is that every act that is not immoral 
‘must be a burden; else it would not be regarded as a virtuous 
act. We should probably all be disposed to agree that “Ehrlich 
leben ist schwerlich leben,” in the sense that it is very rare that 
one gets along without ever committing an act of dishonesty. 
But we must remember that the difficulty does not enter into 
the act proper. What we mean by saying that such a life is 
difficult is, psychologically speaking, that in cases of temptation, 
the idea of duty or dignity or that-honesty-is-the-best-policy is 
with most people, not likely to be always sufficiently vivid to 
overwhelm the opposing idea. Once, however, that idea does 
become focal, the act proper, which is interpreted as being 
honest, issues smoothly out of the idea. The difficulty then does 
not attach to the act, but to the idea becoming sufficiently vivid. 

Hence it follows that all the emphasis must be shifted from 
the act proper to the antecedent idea or purpose.**’ The aim in 
ethical education, according to this presentation, is to see that 
the desirable idea shall be the effective one. Herein lies the 
value of the ARISTOTELIAN doctrine of és. Our problem then 
is to develop a single comprehensive idea, under which all or 
nearly all desirable acts can be subsumed, in such a way that it 
would be uppermost in critical cases, thus smothering the op- 
posing idea. 

After all, is this not precisely the course that moralists are 
taking when they tell us that we must make an effort and that 
we are then, in consequence of that effort, free to will the proper 
thing? Is not this exhortation calculated to enliven and rein- 
force that idea which is to realize the moral act and to smother 
the propensity idea? Is this not the secret of Kant’s regulative 
Ideas? 


The speculative moralist of the old school says 


“You must throw off your evil propensities in order to be 
virtuous.” 


137 Cf, in this connection, Holt’s remarkable treatment of ethics along the 
lines of Freudianism and in physiological terms: The Freudian Wish. p. 
59 ff. 
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The scientific moralist puts it this way: 


“Tf you will regulate your life according to a comprehensive 
and thoroughly consistent maxim of conduct, no fighting will 
be necessary, because those evil propensities will be so vague and 
fleeting even if they do occasionally show themselves, that they 
will vanish before they can be attended to. The set purpose to 
resist evil tendencies only serves to throw them into greater re- 
lief and to emphasize them.” 


It goes without saying that, on such a plan, applied ethics is a 
part of education. 


C. Psychological Interference and Efficiency. 


In approaching the application of our experiment to industrial 
efficiency, we may recall the two classes into which the manager 
of a certain steamship company divided inefficient sea-captains. 
Some failed because they took so much time to decide on a cer- 
tain course of action; others proved incompetent because they 
dashed headlong into the first plan that occurred to them, with- 
out gauging the situation as a whole. These two types are ob- 
viously not confined to the domain of navigation alone. Those 
who come in contact with a great many people every day, have 
the opportunity of observing these contrasts daily. In describ- 
ing the two opposite types, we may not always employ the same 
terms on different occasions, yet the ideas meant to be conveyed 
by these terms are markedly similar. This man, we say, is im- 
petuous or impulsive; another deliberate. Or we differentiate 
the resolute and the irresolute, or again, in more striking cases, 
we speak of the one as a Don QurIxoTe and of the other as a 
HAMLET. 

All these pairs, we find, are colored by value references.*** 
They are subjective expressions rather than objective descrip- 
tions. On the basis of our experiments we should be inclined to 
call the two types, the dynamogenic’*” and the inhibitive. Such 


188 JastTrow’s transparent exposition of the two types is not free from this 
bias. cf. his Character and Temperament, Chap. VI. 

139 Dynamogenic is here used in its etymological sense, and as suggested by 
the division of Patriz1 who found in connection with (what he regards as) 
fatigue experiments, that with some subjects, mental activity, carried on dur- 
ing muscular contraction, will lessen the ergographic curve for that period 
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a classification, though primarily suitable to designate the ex- 
treme modes of behavior under conditions of interference or 
other sort of pressure, may, however, be applied generically 
equally well. Subject LV may be regarded as typical of the 
dynamogenic tendency, and subjects ZL and SR as characteriz- 
ing the inhibitive tendency. Both are extremes, and like all ex- 
tremes, they meet in a certain respect, viz., their unfitness for 
certain purposes, though they may be highly desirable for others. 
We may further assume that these two different tendencies, 
while coming into play in everything expressive of two given in- 
dividuals, will reach their maximum expression just where the 
situation is gravest or most delicate. We may not be able to 
distinguish two individuals with respect to their impulsiveness 
or hesitancy in ordinary matters, but confronted with a diffi- 
culty to be solved in a short time, these people will fall into 
their proper spheres naturally. 

The application to questions of efficiency resolves itself con- 
sequently into two subsidiary problems: (a) What method can 
we devise, in the interests not only of the employer, but of so- 
ciety at large, in order to detect the degree of a person’s sus- 
ceptibility to interference? (b) How can the individual in- 
volved improve his lot by avoiding excesses in either direction? 
The first problem, it will readily be seen, is of a diagnostic char- 
acter; the second has a curative bearing, and involves more di- 
rectly the persons in question. 

As to the diagnostic phase of the problem, MUNSTERBERG has 
held out high hope for his situation test’*’ as a gauge of ac- 


(type interferent ou inhibiteur), with others, it will heighten the curve (type 
dynamogéne) ; and rarely there occurs an alternation of two modes, cf. M. L. 
Patrizi: La simultanéité (Dynamogénie et Inhibition) entre le travail mental 
et le travail musculaire volontaire unilatéral ou symétrique. Arch. Italiennes 
de Biologie, LVII, 1912, pp. 176-177. 

From an article by Ch. Féré (Mouvements Volontaires, Rev. Philos., 
XXVIII, 1889, p. 58) it appears that the term dynamogénie had already been 
in vogue since the appearance of BrowNn-Séguarn’s reserches on inhibition, 
but that usage corresponds to our “facilitation,” i.e., it represents the 
absence of inhibition, but not an exaggerated tendency in the opposite 
direction, such as Patrizi’s usage implies. 

140 Cf. MUNSTERBERG: Psychology and Industrial Efficiency, p. 86 ff. Also 
J. W. Brivnces: An Experimental Study of Decision Types and their corre- 
lates. Psychological Review, Monograph Supplements, Vol. XVII, pp. 51-53. 
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curacy and rapidity in coping with a complex situation. It 
seems, however, to the writer that the situation test cannot 
answer the purpose for which it was originally devised, for it is 
too much of a static affair. The subject takes up the card and 
has to gain an impression of the preponderance of a certain 
vowel among a large number of miscellaneous letters. He does 
not, however, feel the imminence of an impending danger. The 
situation is the same at the first second as at the third or fourth 
second, his action or inaction during the first second being with- 
out influence on the situation as a whole. What we miss is the 
dynamic aspect. The switchman or the bridge-tender or the 
sea-captain has a constantly changing situation before him, when 
the critical moment arrives, which very fact makes a material 
difference as regards his state of mind and reactions. 

In the material used in the present investigation, the dynamic 
character of the situation is very conspicuous; and it occurs to 
the writer that, the interference coefficient might be measured 
by administering tests based on the method employed in the 
present study. Instead of using two sets of stimuli, the num- 
ber might be increased to three or four, while the rate might be 
reduced so as to be within the limit of one’s purely motor abil- 
ity. If the inhibition index alone should be desired, it could be 
obtained by comparing the motor coefficient (in tapping tests) 
and the coefficients revealed by the test proper, which would in- 


clude several factors, the central one, however, being that of 
interference. 


II. 


When we come to examine the second question, i.e, how the 
individual can make the most of a situation by “keeping his 
head,”’ we see at once that the matter presents many difficulties. 
In the first place it is necessary to get at the modus operandi of 
inhibition, and before going into the theoretical phase of the 
subject, let us at this stage only point out that functionally inhi- 
bition means the loss of adjustment. In a difficult situation we 
have to keep continually adjusting ourselves to the exigencies of 
the moment. It does not matter whether we are participating 
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in a smart social function or whether we are called upon to man- 
age a refractory mob or whether we are placed in the position 
of a sea-captain on a perilous voyage. What is required in all 
these situations is a quick readjustment perhaps from moment 
to moment. In some people this readjustment takes place more 
easily than in others. Interference conditions will affect those 
persons least. They are the skillful, the dexterous, the adroit, 
the tactful, the well-poised and self-possessed, in short, the ones 
who are scarcely ever embarrassed and who seldom show signs 
of awkwardness. Others, again, who have adjusted themselves 
for a certain occasion, cannot make the transition to another ad- 
justment so easily. The break is sudden and they stall, or else— 
and this is true of another class—they readjust themselves 
badly, that is to say, they fall into a maladjustment by recov- 
ering from their condition too soon. They have forced their 
motor set, and they behave as if they were under the influence 
of adrug. These are the people who commit a rash act, who in 
their contempt of embarrassment become forward or rude. They 
are affected by the complex situation as much as the others are, 
but in a different way. 

What is it that hinders the easy transition from one adjust- 
ment to another? The fault, we should venture to say, lies in 
the excessive amount of imagination and play of ideas that the 
inhibitive type of individual is subject to. Every novel situ- 
ation is greeted with a volley of associations which makes one 
lose his perspective. On account of this imaginative tendency, 
the motor attitude is not properly set to begin with, but is in a 
state of instability. Thus the slightest change in the situation 
would be apt to break the adjustment. 

It is evident that the economy of imagination and associa- 
tion is most conducive to easy readjustment. Just enough is to 
be in consciousness as can be of aid in making the transition 
from one act to another. All the rest is irrelevant and defeats 
the end. Thus the speaker, who, when heckled by one of his 
listeners, attends only to the question and takes up a definite atti- 
tude, say of sarcasm, which brings on the desired associations, 
will probably manage to hold his own and carry his purpose. 
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On the other hand, however, if he should begin wondering what 
right his interrupter had to ask the question, or whether he 
ought to rebuke him or reply in an agreeable tone, the previous 
adjustment is broken, and the next one must be started all anew. 

It is not from the lack of imagination that the inhibited per- 
son is at a disadvantage, but rather from the too great flight of 
imagination. This state is most typical of the adolescent period 
or the “Backfisch” age; and it seems from various accounts that 
the keener the intellect the more prone is the boy or girl to pre- 
sent an awkward appearance. In his delightful autobiography 
of youth,*** ANATOLE FRANCE tells us of a trivial incident dur- 
ing his school-days that preyed on his mind’ for months. A 
woman he had adored, while visiting at his parents’ home, had 
asked him, after playing a nocturne, whether he was fond of 
music; and all he could answer was “Oui, Monsieur,’ when 
what he wished to tell her was that she could draw sighs and 
sobs, that she could actually draw tears out of the piano. Here 
was an inhibition evoked by a single glance of the woman that 
so charmed him. The effect of this inhibition upon him can be 
seen from the following words 

“Puisque la terre ne s’entr’ouvrit pas en ce moment pour 
m’engloutir, c’est que la nature est indifférente aux voeux les 
plus ardents des hommes.” 

Had the young Pierre NoZIereE (as he calls himself) known 
at the time of the incident, as he came to realize later, that 
Madame Gance was only a coquette who could make a fine im- 
pression, he would not have made the slip in the first place, and, 
secondly, he would not have been affected by the slip in the way 
he was. Yet this same youth who could not get adjusted easily 
to a social situation felt perfectly at ease in dealing with an in- 
tellectual situation. At school, he was self-assertive and dis- 
played a great deal of dexterity in handling delicate questions 
connected with his studies. His imaginative bent was service- 
able there to the utmost, but in the social milieu it only distorted 
the elements of the situation. 

The upshot of this is that the curative phase of our problem 


141 Anatole France: Le Livre de Mon Ami XI. 
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is fraught with much uncertainty. We have still to learn the 
psychological differentiae of the intellectual, the physical and the 
social situations. If, for instance, we find that the factor so 
helpful in the one situation proves to be a disadvantage in an- 
other, it will have to be decided first whether we want to curtail 


the influence of that factor. In a similar connection, JASTROW 
reminds us that 


“Tt is in part because such persons are peculiarly sensitive that 
they are artists and creative individuals *** 
the reference being to artists, poets, musicians, writers, inven- 
tors, students, the bearers of responsibility. 

If there is some doubt as to the desirability of such a cure, 
there is even more misgiving as to its feasibility. No one will 
deny that as we grow in experience, we are apt to handle novel 
situations in a more matter-of-fact way. With every new ex- 
perience of a similar sort, the situation becoms less suffused 
with imagination or non-practical ideas, thus enabling one to 
take up a practical attitude, that is to say, react upon it objec- 
tively; but in our “‘truth-is-stranger-than-fiction” world, some- 
thing unusual may turn up at a later date, and he reverts to his 
old impressionableness. That is what, we might suppose, hap- 
pens in the case of people intrusted with great responsibility. 
The captain of a vessel, the railway engineer may have thor- 
oughly inured themselves to their responsible positions, but it is 
not often that they encounter a real danger. Some day, how- 
ever, they are suddenly confronted with a grave peril, and then 
such an idea may occur to them as “To think I am in this posi- 
tion” or “That’s frightful” or he may picture to himself the 
result of the calamity—and the moment he drifts into this af- 
fective attitude, he is stunned for action. When he recovers 
from this state, it is probably too late. That is, of course, on 
the supposition that the individual in question is of the inhibi- 
tive sort. 

The transference of training undoubtedly helps us to over- 
come our susceptibility to inhibition on important occasions, 
but whether one can completely outgrow an inborn trait like 


142 Jastrow: Character and Temperament, p. 321. 














THE INTERFERENCE OF WILL-IMPULSES 147 


that is a different matter. Mosso*** may have learnt to address 
an audience without those symptoms of fear and embarrassment 
which were noticeable at his first public appearance, and ANa- 
TOLE FRANCE, we should suppose, managed to lose his ill-at- 
easeness when in female society,*“* but, if originally of the in- 
hibitive type of mind, novel social situations would still present 
more difficulties to them than to the originally self-possessed and 
adroit individuals. What if Mosso should suddenly espy his 
king among the audience, or ANATOLE FRANCE should find him- 
self unusually honored by his fellow academicians! We must 
also remember that age and fame tend to lessen the inhibitive 
tendency,’*® and, therefore, the average individual given to in- 
hibition is not to be compared with the two men just mentioned 
in regard to overcoming that tendency. 

Such popular injunctions as “Be calm,” “Don’t feel nervous,” 
etc., etc., are not helpful at all, just because the inhibitive per- 
son who is struck with the delicacy of a situation is not master 
of himself, and cannot control his dulled condition. Again, if 
he makes up his mind beforehand to treat the situation, no mat- 
ter how grave or delicate it might be, as a mere trifle, the chances 
are that he will lapse into the other extreme and do something 
rash. 

Much is to be unravelled and analyzed before we can approach 
the therapeutic phase of our efficiency problem satisfactorily. 
We have only gathered up the loose ends of the tangled skein 
without attempting to take the threads apart, but obviously this 
must be done first before we can reach a conclusion applicable 
to the practical side of our investigation. 


143 Mosso: Fear, pp. 1-4. 

144“Maintenant, je n’ai pas trop peur de mes contemporains,” he says by way 
of contrast. 

145 Ernst RENAN seems never to have freed himself from this tendency. 
In his Souvenirs d’Enfance et de Jeunesse, which he wrote at the age of 
sixty, he says “Ma nullité avec les gens du monde dépasse toute imagination. 
Je m’embarque, je m’embrouille, je patauge, je m’égare en un tissu d’inepties” 
(chap. III). 
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